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PREFACE

This report on building life costs is the fifth of the series
BtALdiigcsjIL&IBlocickround Studies on the Development of a
Capital Formula for Ontario produced by task forces of the Council
of Ontario Universities' Committee on Capital Financing. This
latest report, the costs of which were shared equally by the
Council of Ontario Universities and the Ministry of Colleges and
Universities, arose from the study of initial building costs,
published as Volume IV of this series. Among the conclusions
reported in Volume IV was that not enough was known about life
costs of university buildings and their relation to initial costs.
As a result, the Committee on Capital Financing was asked to proceed
with phase II of the building cost study, a pilot investigation of
life costs (including cyclic renewal) in relation to initial costs.

The Council of Ontario Universities received the report of
the Task Force-Life Costs on March 1, 1974. In considering the
report, Council had at hand commentaries prepared by.the Ontario
Association of Physical Plant and Planning Administrators and the
Committee on Capital Financing. The Council requested that a
specific proposal for an extension of the study be developed.

The Council commends the Committee on Capital Financing and
its task forces for continuing high-quality contributions to the
literature on capital financing and physical resource allocation.
This volume, prepared by the Task Force-Life Costs under the chair-
manship of Mr. Henry Graupner, is a timely, unique, and worthwhile
contribution to the literature and to the state of the art.

March 22, 1974
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SUMMARY AND MAJOR RECOMMENDATIONS

The work of the Task Force on Life Costs was sponsored by the
Council of Ontario Universities and the Capital Support Branch of
the Ministry of Colleges and Universities. The Task Force has
carried out a preliminary investigation of the problems associated
with the determination of the total life cost of buildings, including
cyclical renewal, and of the benefits to be derived from this
information. The life costs of the Faculty of Law Building at the
University of Windsor, were evaluated using the method of analysis
suggested by the Task Force, as.lan example of the problems and the
type of results to be obtained.

The work of the Task Force, which has extended over approximately
twelve months, has resulted in an approach to the problem of
calculating life costs, which has not been found elsewhere, based
on a search of the fairly lengthy list of references and discussions
with a number of persons in other institutions who are also involved
in the same general area. The Task Force feels that a solid basis
has been established for carrying out more extensive studies on
life costs of actual buildings, but that the conclusions and
recommendations contained in this report are of a tentative nature
in many aspects. The main reason for this is that insufficient
time and man hours were available to establish the size of data
base necessary in order to be able to draw firm conclusions.

During a recent year, about $50 million was spent by the Ontario
universities on operations and maintenance of their physical plant.
The Task Force is convinced that if the work of this pilot study
is expanded into a major study of life costs, universities would
obtain considerable assistance in being able to reduce these annual
operating and maintenance costs, or at least slow down their increase
in the face of continuing inflation of labour and material costs.

This report lists a number of recommendations, of which the major
ones can be outlined in this summary as follows:

(1) The investigation of building life costs should be continued
and completed, by a Task Force established for this purpose.

This report recommends in some detail, the variety of tasks
to be undertaken by this future Task Force, but these can be
summarized as being essentially the accumulation of a greater
data base and the establishment of a system of making the
results of the analysis of these data available and of
assistance to the universities.

(2) Consideration should be given to increasing the current 1%
allowance for cyclical renewal, and to making changes in the
present policy regarding capital support for cyclical renewals,
relating to:

- the inventory base to be used in the formula

- equipment and furniture



The Task Force has assessed the costs of cyclical renewal
work and has presented a range of data on which an interim
increased allowance could be based. However, a greater
statistical base must be established to confirm the level of
adequate allowances for each of the components.

A complete list of recommendations is found in Section 8.2 of
part 1 of this report and Section 7.2 of part 2.

With reference to the Windsor Law Building, the application of the
analysis methods described in this study results in a life cost
of approximately 6 to 7 million dollars in terms of the 1973
dollar, for the first 60 years of the building's life. This
relates to a construction cost in 1968 dollars of $2.3 million.
The actual figure for the life cost of this building would depend
upon the assumptions made about a number of economic indicators
which are used in the process of converting forecast future costs
to their present value.
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LIFE COSTS
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1. INTRODUCTION

The work of the Task Force on Life Costs was carried out against
a university financial background in which the amount of money
available to universities was decreasing for both capital and
operating purposes. Falling student enrolments or slower rates
of growth, have resulted in the temporary cessation of provincial
financial assistance for new building projects. This has increased
the importance of obtaining moximum economic utilization from the
present facilities. Also, an opportunity has been provided to
assess what has been done in the past, in order to assist in
formulating plans and policies for future university development.

At the same time, pressures on operating budgets arising from
similar causes, made it imperative that individual universities
seek ways and means of reducing, amongst many other items, the
costs of operating and maintaining their physical plant. Some of
these costs are primarily related to the design of the building,
others are affected by the use of the building.

It. was clear that a study of the life costs of a building, and
their relationships to initial construction costs, would assist
universities in understanding and in reducing physical plant
owning costs. Also, a study of this type could establish the
level at which lower operating costs justify increased capital
costs.

In order to provide some idea of the importance of life cost
considerations, it ahould be noted that during the year 1971-72
approximately 17 million net acsignable square feet (approx.
30 million-gross square feet) were in operation at the 14 Ontario
universities. Using the capital formula of $55/NASF, this space
would equal a replacement value of $935 million.

During the same year approximately $49 million was spent on
operations and maintenance (excluding renovations and alterations
but including physical plant administration, grounds maintenance
and security).

If over a 60-year building life a 20% saving in these annual
expenditures was achieved, the total saving over that period
would amount to $588million inconstant dollar terms.* It is
the conviction of the Task Force that there are opportunities to
achieve very significant savings in the life costs of physical
facilities throughout the Ontario university system.

It was within this context, that the Council of Ontario Universities
agreed that Recommendation 5 of the Report of the Task Force on
Building Costs, Building Blocks Volume 4, should be implemented.
This recommendation dealt with the subject of building capital
costs and reads:

"The second phase of the study should be immediately implemented
to include the study of life costs, including costa of maintenance,
operations and change, and to analyze the validity of programmatic
needs that result in higher design requirements and higher cost
elements for buildings."

* or $130M in present value terms, as defined in Section 5
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The work was commenced in October 1972 by the members of the Task
Force on Building Costs, which consisted of persons nominated by
the Ontario Association of Physical Plant and Planning Administrators,
and representatives of COU's Committee on Capital Financing. However,
because the study of building life costs was of common concern to
both the universities and the Ministry of College° and Universities,
members of MCU staff were also appointed to the Task Force, which
was then renamed the Task Force on Life Costs.

Shortly after its establishment, the Task Force agreed that exploratory
work only, in the form of a pilot study, should be carried out before
the details of a full scale study could be organized. Among the
reasons for carrying out a pilot study before commencing a full
scale study, were the following:

- the problems involved in acquiring the necessary data were not
fully clear

- definitions of life costs had to be agreed and then tested for
practicability against probable information availability

- little prior work in this area of study appeared to be available

- it was not possible to reliably assess the cost and duration of
the full scale study

- limited time and funds were available

Following the decision to carry out a pilot study only, a more
detailed statement of the objectives and proposed methodology was
made and a proposal prepared. This was accepted both by the
Ministry of Colleges and Universities, and by the Council of Ontario
Universities on the recommendation of its Committee on Capital
Financing. The Council and the Ministry agreed to share the costs
of the study equally. These are mainly due to the use of consultants
for much of the data accumulation and analysis work.

A copy of the complete study proposal is included in Appendix 1
to this report.

The work covered by this proposal is described in Part 1 of this
report, which deals essentially with the total life costs of
buildings, and, in particular, those of the Faculty of Law Building,
University of Windsor.

Since costs of major renovations and alterations are part of
building life costs, this study also looked into the subject of
costs of cyclical renewal. The complete description of this phase
of the study is included in Part 2 of this report which has been
prepared in such a way that it is self-contained and can be used as
a complete statement of the Task Force's work on cyclical renewal.
A separate list of conclusions and recommendations on cyclical
renewal has been prepared.

A number of appendices at the end of this report, contain technical,
statistical and other background data. In addition, two sets of
all source data and survey responses have been accumulated and
filed at COU and MCU, for reference purposes.



OUTLINE OF WORK OF TASK FORCE

A summary of the various tasks carried out by or on behalf of the
Task Force, will provide an introduction to the sections of the
report that follow. These deal in dettil with the various
studies and analyses from which the conclusions and recommendations
are derived.

There have been 19 meetings of the Task Force. During these meetings)
the Task Force normally reviewed progress to date, discussed and
agreed on methods of analysis, outlined work to be carried out by
members of the Task Force and consultants and advisers, and
controlled progress of the work. The work consisted of the f011owing
tasks:

(a) Discussion of the initial need for a preliminary investigation,
rather than a complete and exhaustive study of life costs

(b) Preparation of a proposal covering a preliminary investigation

(c) A search of the bibliography and contact with others doing
work in the same general area

(d) Assessment of costs of major renovations to buildings,
equipment and furniture

(e) Investigation of actual costs of alterations of Ontario
university buildings in the past few years

(f) Assessment of a recommended interim cyclical renewal allowance

(g) A review of operating and maintenance cost data for the Law
Building at the University of Windsor and the extraction and
re-classification of the required data

(h) An attempt to establish the correlation between elements of
operating and maintenance costs and elements of capital
costs

(1) A survey of universities to establish the availability of
annual operating and maintenance cost data for individual
buildings

(j) An analysis of the factors affecting heating, ventilation
and air conditioning systems and costs in a building

(k) Investigation of the use and benefit of a computer program
for energy consumption and costs

(1) A comparison of energy consumption between an existing HVAC
system and a possible alternative that was available to the
designer of a building

(m) Investigation of comments on the Meriwether computer program
for energy consumption from those who have made use of or
investigated it, e.g. Carleton University, University of
i'estern Ontario, Department of Public Works Ottawa and
Consumers Gas Limited.
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(n) The development of a computer program for calculating total
life costs from actual capital costs of construction, past
operating and maintenance costs, and forecast future operating
and maintenance costs.

(o) Obtained advice from an economist on methods of
combining capital and operating costs occurring at different
times and expressed in different dollar values.

(p) Calculation of the life cost for the Windsor Law Building,
using the computer program, for several assumptions on
inflation, building life, etc.

(q) Identification of the scope of future studies in this area

(r) Preparation of a full report on the pilot study and issue to the
sponsoring organizations, COU and MCU, for their review,
approval and decision on action to be taken.

During the course of the study, the Task Force made some minor
changes to the activities outlined in the study proposal, for
reasons related to the availability of time and money.



COMPARATIVE STUDIES

A continuing effort has been made to identify similar or related
studies completed or in process.

The majority of agencies and groups likely to be
undertaking such studies in Canada, were contacted. The survey
revealed that very little research on life costs
has been done or is in process.

Every agency contacted expressed great interest in the subject and
the technique as an effective decision making tool, especially for
governmental and institutional builders, who will be continuing
owner-occupiers. The Federal Department of Public Works (DPW) has
recently established a research and development group who intend
among other things, to investigate life-cycle costing problems and
applications. The Federal Department'of Health and Welfare (DHW) is
investigating with interest work being done in the U.S.A. and U.K.
and intend arranging a symposium on the subject shortly. DPW is
also using the MeriwetherAtomputer programs for life cost analysis
of heating, ventilating and air conditioning (HVAC).

The majority of those contacted seemed to have been deterred from
lauching any studies of their own by two factors:

(a) the daunting prospect of identifying operating and maintenance
costs for individual buildings in a meaningful way, for use
in life cost studies

(b) the lack of funds for undertaking the necessary research and,
in some cases, an inability to identify where to start.

In many cases, maintenance records are being improved and computerized,
to permit the retrieval of data in a variety of forms. At the
Federal level, pressure is being brought to bear by Treasury Board
on all property owning departments, to improve their record keeping.

The Department of Public Works (British Columbia) is also moving
towards a major costs-in-use study, beginning with the organization
of their data base.

Apart from specific articles and literature on maintenance and
operating problems, virtually no Conadian literature on the subject
of life costs could be found.

Elsewhere, in the U.S.A. and U.K., considerable work has been done,
as the bibliography (Appendix 2) testifies. In the U.S.A., the
technique of life cost analysis (or life cycle costing as it is
more frequently called there), was pioneered by the Department of
Defence and the armed services. The government construction agencies
are adapting it to their own use, particularly Health, Education and
Welfare (HEW) and the General Services Administration (GSA).
Interest also appears to be shown by several other groups and it
is not unknown for building owners to commission architects and
cost consultants to specifically undertake life cycle cost studies
during design. The GSA has recently called tenders for three major

* See Section 7.6 for description
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social security administration payment centres, with proponents
bids including renewable five year maintenance agreements(35)* In

the U.K., costs-in-use studies have been widespread for many years
and the work of Dr. P.A., Stone is especially recognized in this
field(1). The sources and references obtained from both these
countries, have been extremely valuable in formulating our approach
and adapting ideas and experience to the specific milieu of the
Ontario universities.

Special mention should be made of the work being done at the
University of Michigan by a graduate student of the Architectural
Research Laboratory. Au analysis of the operating and maintenance
costs for 70 different buildings over a long period of time has
been made, together with the development of computer programs for
identification and quantification of factors influencing costs and
their correlation to building design and capital costs, The paper
is expected to be completed later this year and should be available
for public use. The work has been reviewed by the Task Force.

For those wishing to develop a better understanding on the subject
of life costs, the following texts from the bibliography are
recommended:

(1) Building Design Evaluation - Costs in Use, P.A. Stone,
E. & F. Spon Ltd., London

Stone is regarded as the major authority in the U.K. on this
subject. He was Chief Economist at the Building Research
Station at the time his book was written. The book is a good
introduction to the subject, discusses many of the issues
involved in the financial calculations and includes a number
of examples of applications. Significantly, Stone excludes
occupancy costs from his definition of costs-in-use.

(27) Costs-in-Use - A Guide to Data & Techniques, Dept. of the
Environment, Property Services Agency, Directorate of Quantity
Surveying Development London

This report reviews the life cost conclusions contained in
several other reports on school buildings, housing and government
office buildings. The report analyzes the effects of building
age on operating and maintenance costs. It also discusses the
use of the data by design teams, the sensitivity of the various
factors included and some examples of use.

(31) Study of Health Facilities Construction Costs - Summary Report
from study undertaken by Westinghouse Health Systems, sponsored
by the General Accounting Office, Washington, D.C.

This is an actual case study of life cost applications to the
analysis of a number of alternatives for health facilities such
as the dietary system, material handling system, laundry, etc.
What is particularly interesting in this study is that it takes
into account, occupancy costs in addition to capital, operating
and maintenance costs.

* These numbers refer to the listing in the Bibliography.
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4. DEFINITION OF LIFE COSTS

4.1 How Life Costs are Used

The technique of life cost analysis is essentially a comparative
tool for studying design alternatives and analyzing their cost
implications over the life of the building. There are two basic
situations in which the technique can be applied, in the context
of more economic university physical plant acquisition and operation:

(a) Total building life cost studies

These may involve two objectives:

- collection of life costs on a building by building basis in
order to accumulate a body of data for the analysis of factors
which affect total life costs (cf. University of Michigan
study referred to in Section 3 - Comparative Studies)

- comparative building life cost studies prepared during
conceptual design stages, to compare alternative solutions
(e.g. to build new or renovate, to build permanently or
temporarily, etc.)

(b) Building system life cost studies

Again, these may involve two objectives:

- collection of historical data for purposes of analysis and
correlation

- comparative analysis of design alternatives

The latter may involve complex elements (such as HVAC systems)
or simpler subjects (such as carpet versus vinyl asbestos tile).
Some may have a bearing on and interface with many building
sub-systems, some may be quite self-contained.

Outside the context of this report, a further use for life cost
analysis is in the area of systems and equipment required to support
the activities of the occupants, e.g. food service, garbage handling,
library systems. These analyses would include consideration of
wage costs, in addition to those capital and other operating costs
considered in this report. It may also be necessary to attempt to
quantify intangibles such as, quality of service.

The Task Force recognized that occupancy costs can represent a
high proportion of total annual costs.

The Task Force felt that, since university buildings were usually
designed in accordance with, and to provide facilities for, a
pre-determined set of user requirements, design decisions would
not affect occupancy costs in a measurable way. Where a study
does require that such costs be considered, it was felt to be most
unlikely that adequate records presently existed for individual
buildings.
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For these reasons, occupancy costs are excluded both from the
definition and the analysis of building life costs, for th*
purposes of this study.

As a final comment, it is expected that in the future, with the
expected greater emphasis on program buJgeting, such costs might
have to be identified and incorporated into life cost studies.
Extensive rePi:arch would then be required to develop a methodology
for measuring such costs and for establishing the impact of building
design factors on annual occupancy costs.

4.2 Broad Definition

In view of the general lack of comparative research, no standard
definitions of life costs exist. Even the subject itself is called
by different names: life cycle costs (USA), costs-in-use (UK).
As the application of life cost studies is usually a matter of
comparisons between alternative courses of action and of design,
it is important that a consistent definition of the elements to be
admitted into any life cost study be established. As it: is unlikely
that one definition can he acceptable to all potential users of
life cost analysis, the definitions that follow take into account
the special characteristics of universities, in particular
those related to physical plant construction and operation.

For this purpose, the life cost of a building is made up of two
basic components:

(a) the initial capital costs

(b) the annual operation and maintenance costs (including major
renovations, alterations and replacements), over the assumed
life of the building.

The following paragraphs analyze what is included in these two
basic components.

4.3 Capital Costs

The capital costs included in these life cost calculations are as
follows:

(a) Actual construction cost of the building, including all change
orders

(b) Architectural and engineering fees

(c) Furniture and equipment supplied to the building

These costs correspond to those reported by universities for each
provincially assisted project on the MCU FINAL COST REPORT, CSP
SUPPLEMENT D. It should be noted that this cost report does not
supply the level of detail required in life cost analysis. It is
usually necessary to refer also to an elemental cost breakdown of
the type found in the MCU PROJECT COST ELEMENT ANALYSIS, CSP
SUPPLEMENT B, or a quantity surveyor's estimate form, and to purchase
orders or other lists of equipment and furniture.
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Another source of capital cost breakdown is the contractor's final
certificate of payment. This lists costs by trade and would
require some analysis to convert it to an elemental breakdown.

In addition, change orders should be inclvded, wherever possible,
to make the capital cost data complete. These probably require
allocation to the various elements, but in many cases, pro-rata
distribution would be accurate enough.

The following items have been excluded from capital costs, for
the reasons stated:-

(a) Land costs

Where comparisons of life costs relate to different designs
on one site, land costs would be common to all options and
hence, can be omitted. Where different sites are involved,
land cost differentials should be taken into consideration.
For potential, or newly purchased, sites, evaluating this
differential might present little difficulty.

If required in any particular cost study, the valuation of a
building site enclosed by other campus land, might present
problems. The Task Force did not investigate this matter.

(b) Site works and landscaping

These should be considered separate from building life cost
studies, unless they directly and significantly affect the
life costs.

4.4 Annual Costs, including Major Renovations, Alterations and Replacements

OAPPPA published in 1972 a classification of physical plant functions,
now in general use within the Ontario university system. It was
considered appropriate that this be used in defining the operating
and maintenance cost content of life costs, because:

- no better classification system could be found

- cost data in the universities would be available in this format
and could be used in this study without re-classification

Costs of all physical plant functions are allocated to the following
items in the OAPPPA classification system:-

(1) Physical plant administration
(2) Building maintenance
(3) Custodial services
(4) Utilities
(5) Landscape and grounds maintenance
(6) Safety, security and traffic
(7) Other
(8) Renovations, alterations and major repairs
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However, the definition of life costs adopted by the Task Force
includes only the following cost categories in the OAPPPA system: -

(2) Building maintenance

(3) Custodial services

(4) Utilities

(8) Renovations, alterations and major repairs

Full descriptions of these items may be found in Appendix 5,
pages 6-8.

It should be noted that item 8, renovations, alterations and major
repairs, refers here to work funded from operating budgets, since
the OAPPPA classification system covers only operating budgets.
In this study, this item has been treated in two ways, as follows:

- for determining total life costs, an adequate allowance has been
included, based on the sum of costs funded from operating and
capital budgets

- in those sections dealing with the size of an allowance
for cyclical renewal; only capital budget work has been included.

It has been argued that costs of alterations to buildings incurred
due to changes in their use, should be excluded from building life
cost studies. These changes are difficult to predict, while the
alterations themselves, may have far reaching implications concerning
operating and maintenance costs. However, these costs were considered
to be an appropriate element of life costs for university buildings.
There is a high probability of alterations occurring in an environment
of mp.,.y differing uses, organizational units and constant change.

The Task Force notes that life cost study techniques could be used
to assist in making the decision whether to alter an existing building
or build new space.

4.5 Costs Excluded from Definition

Reasons for excluding four of the OAPPPA classifications are as
follows:

(1) Physical plant administration costs

It was decided to omit these costs because it was felt that
the addition of a single building to an existing campus tended
to have only marginal effect on the level of administration
costs. There seemed little point in pro-rating the cost on a
gross or net assignable square foot basis, as only subsequent
variations in building size rather than design, would have
any effect upon this cost allocation.

* as defined by the Task Force (see Part 2 of this report)



(5) Landscape and grounds maintenance

This item was excluded because it is not directly related to
the building design.

(6) Safety, security and traffic

This was excluded for reasons similar to those applying for
administration costs.

(7) Other

This is a category in the OAPPPA for miscellaneous items
which will not fit into any other category. All costs of
interest in this life cost study can be classified in the
cost categories included in the definition.
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5. PROBLEMS IN CALCULATING LIFE COSTS

It was pointed out in Section 3, how little material of
assistance to the study was found in a search of the books eel
articles listed in the Bibliography, although isolated topics are
well covered, such as:-

- the relationship between HVAC system selection and utilities costs

- building obsolescence

- maintenance costs

energy (utilities) conservation

However, none of the available references can be used as a guide
to the evaluation of the total life cost for a building. The work
of the Task Force broke new ground, essentially unaided by previous
studies.

In so doing, the Task Force met a number of problems and issues,
which had to be resolved, in some cases only tentatively, before
the step by step procedure for the life cost evaluation could be
completed. This section deals with these matters and indicates
where assumptions were made for the purposes of this preliminary
investigation, and which issues remain to be resolved following
further study.

The items to be discussed in this sectioncan be grouped under
seven general headings, which are:-

1. Data availability

2. Life of a building and its components

3. Conversion of past cost data to present value

4. Forecast future costs

5. Conversion to current-equivalent costs (present value)

6. Problems in defining a procedure for measuring current-
equivalent costs

7. Life costs computer program
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5.1 Data Availability

(a) Capital costs

Data on actual capital costs of buildings generally were
found to be readily available, either from the university
itself or from MCC. As an alternative to these two sources,
they could be determined, at some cost, by estimating the
building costs on the basis of tender documents, i.e. drawings
and specifications. Further comments on these sources are
contained in Section 4.3 of the report.

(b) Operating and maintenance costs

All university physical plant departments maintain annual
cost records covering the operation and upkeep of the campus
plant, for a number of purposes. These records show the cost
for the total campus, of the various categories of costs
outlined in section 4.4. Universities also have records in
one form or another, of costs of work covered by cyclical
renewal. However, for more than half the universities, these
data were not in a form required by the Task Force for
calculation of building life costs, i.e. they were not
available for individual buildings.

Most of these universities have stated that it would be very
difficult and time consuming, if possible at all, to establish
costs for individual buildings, by analysis of the existing
records. This conclusion is clear from the responses to the
various surveys made at the universities in this matter.
Appendix 5 to this report contains details of one of these
surveys, which dealt with the availability of annual operating
and maintenance cost data for individual buildings.

Even where annual costs records for an individual building
were maintained, there was a cost involved in extracting,
re-classifying, etc. the required data. These costs are
assessed in Section 6.3, where this process for the Windsor
Law Building is described.

The Task Force concluded that a comprehensive study of the
life costs of a large number of buildings, could not be
undertaken until this lack of data was remedied.
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Life of a Building and its Components

Life cost studies require a knowledge of the length of the useful
life of a particular building, and the durability or life
expectancy of major components of the building. Little useful
information apparently exists in this area. These two related
problems were handled as follows:

(a) Building life

Prediction of the useful life of a specific building can be,
hazardous and subject to misinterpretation. For commercial
buildings, the problem could easily be resolved by setting
the life over the period of amortization allowed for taxation
or financing purposes. For non-commercial buildings, including
university buildings, it could be argued that they can be
useful for as long as one is prepared to make them. Some of
the buildings at Oxford and Cambridge Universities are good
examples of this. A high level of maintenance would have
been required, however, to permit such a long life.

It is possible that certain buildings in the future may become
so expensive to operate and maintain that it would make sense
to demolish them and build new space. This condition may
arise if operating and maintenance costs escalate at an
increasingly rapid rate while at the same time improved building
methods provide better, more feasible and more economic
alternative accommodation. The Task Force did not pursue
this idea.

For the purposes of this study, a cost horizon of 60 years was used
for most purposes. It should not be inferred that the Task
Force is recommending that buildings be demolished after 60
years. In effect, the study neglects costs beyond 60 years
since they are difficult to predict, and have little effect
on forecast life costs on a present value basis.

In any case, a computer program for evaluating the present
value of forecast life costs was developed for this study.
This can carry out the appropriate calculations for any
assumed building life between 30 and 140 years.
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(b) Durability of building components

The Task Force found very little information available on
actual or probable durabilities for common construction items.
The durability of some items, such as roof finishes, can
usually be established with reasonable accuracy but other
building components such as curtain walls become highly
judgemental. It was obvious that there existed a need for a
feedback system on every building not only to provide data
for life cost studies but also to enable cash flow profiles
for building maintenance to be planned well in advance.

A related issue is the identification of reasons for replace-
ments or major repairs and their correlation to the original
specifications and design criteria. Where failures are due
to reasons other than normal wear and tear*, then the recycling
of this knowledge into future design and planning processes
would be invaluable and hopefully avoid repetition of mistakes.
Furthermore, the life of a component will often depend on
the quality of maintenance supplied.

In reference 1, Stone points out that theoretically, durability
should be determined on the basis of observed probabilities
of failure. He states that there is a tendency to over-
estimate the frequency of replacement, due to the fact that the
only information that is available, is for components that
have failed while none is available obviously for those that
have not. In some ways, this problem of durability is one
of the key issues, particularly where concern is mainly with
alternative design solutions and their life costs.

The Task Force overcame this lack of relevant data by using the
judgement and experience of groups of physical plant staff
(engineers, maintenance supervisors) to provide the Task Force
with expected replacement cycle periods for the various elements
of typical buildings on their campus. The results of such a
process are discussed in part two of this report. The process
was also used for the Windsor Law Building, as noted in Section
6 of part one of the report.

* such as, for example, the use of materials under circumstances
for which they were not designed, resulting in early and
significant failure, but outside any guarantee coverage
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5.3 Conversion of Past Cost Data to Present Value

This study required the conversion of historical cost data to
present values and the elimination of the effect of inflation.
This applied not only to capital costs, but also to operating and
maintenance costs.

In view of the limitations of published building cost indices,

the recommendations contained
in Building Blocks Volume 4 regarding the use of these indices for
capital costs, were accepted. On page 69 of that report, it is noted that a
more realistic estimate of the escalation of construction costs
was 50% of the published data. In the analysis of life
costs for the Windsor Law Building, the Task Force made use of
the actual escalation applicable to that building, as estimated
in Building Blocks Volume 4.

The Task Force is aware of the plans of Statistics Canada, Ottawa,
for the production of a reliable index. However, it will be
several years before this index is available and it will not be
possible to use that index to update capital costs for buildings
tendered prior to the present time.

For operating and maintenance coats, the Task Force developed an
index for its own use, which is fully described in Appendix 8 of
this report. More detailed analysis is required to completely
validate the tentative results of the suggested methodology.
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5.4 Forecast Future Costs

It is normal to forecast future costs of maintenance and operation
for a building on the basis of known costs in the past" modified
by any known changes considered likely to occur in the future.
The difficulties of obtaining specific known annual costs is
covered in section 5.1. Assuming they are available, it would
then be possible to forecast annual costs in the future, in terms
of the same dollar used in the past cost data.

There are two problems with this approach, which relate to the
future rate of usage of the required resources, i.e. the
effect of aging, and the future change in unit costs of such
resources.

(a) Aging

There appeared to be some evidence to support the view that
building operating and maintenance costs increase with age of
the building. Presumably, much depends on the quality of
maintenance being provided, on preventative maintenance
programs and on prompt replacement or repair of worn out or
obsolescent components and materials. A further moderating
influence on the effect of age, tends to be exerted by the
fact that the majority of university buildings during their
lives, undergo changes in use resulting in extensive renovations
and alterations. At this time, it is customary to upgrade
sub-systems and components, thus reverting large sections of
the building to a new condition.

Research carried out in England (27) appears to prove that
age is the greatest single factor on the level of maintenance
costs. Figure 1 on the following page, reproduced from this
publication, gives some indication of the magnitude established
(all values are brought to a June 1971 level). The chart shows
increase ranging from about 1% to a high of 20% per year.

ReFaarch carried out at the University of Windsor found a
definite correlation between building age and power consumption,
which had a tendency to increase at an average rate of approximately
6% p.a$ Whether this is due to a decreasing efficiency of the
building system, or to increasing user demands, or a combination
of both, was not established.

An analysis was made of the operating and maintenance costs
at Carleton University, for the period 1965 to 1971, in an
attempt to relate these to the increasing maturity of the
buildings in use. The study confirmed that the unit cost of
maintenance ($ per NASF), increased on a trend basis by an
average of 2.2% p.a. during the period, after bringing all
costs to a 1969 base, using the prototype maintenance index
described in Appendix 8. Over this period, the building

* Reference 25 in the Bibliography. See also page 75 of Reference 38,
which corroborates the Windsor experience with similar findings
at Stanford University.



Figure 1

COMPARISON OF MAINTENANCE COSTS BY BUILDING USE AND CONSTRUCTION

Excluding Redecorations and Minor New Works
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inventory at Carleton was growing by an average of 23% p.a.
and the average age of the space was also increasing from 4.0
years to 6.4 years or an average of 10% per year*. There
could be many reasons for the average 2.2% p.a. increase in
costs and it would therefore be unwise to assume that increasing
building maturity automatically brings higher maintenance
costs. Further studies should properly be done over a longer
period of time.

A similar study was undertaken for the period 1966 to 1972
for the University of Windsor*. Here it was found that unit
costs of maintenance per NASF were increasing at the rate of
3.2% p.a. after discounting inflation. During this period,
the average age of the space in the inventory remained
virtually static, due to building activity which increased
the inventory by an average of 15% p.a.

(b) Cost inflation

In life cost studies extending into the future, a key question
is the extent, if any, to which the rate of cost increase of
each category of costs will vary from the general rate of
price inflation. While physical plant budgeting and similar
activities may require knowledge of expected total annual
rates of increase of such costs, in life cost studies, it is
important to predict the extent to which prices of construction
materials, utilities, and services may change relative to
general price changes. Techniques for converting future costs
to their equivalent present values, automatically make allowances
for the expected rate of general inflation. In the past, the
major deviant cost category has been utilities, since the
prices of fuel and electricity have not risen as fast as
prices in general. Over the next 15 to 18 years, by contrast,
it has been estimated that prices of fuels are likely to
double, relative to general price levels.

Specific assumptions made about expected rates of relative
price changes, in calculating the Windsor Law Building life
costs, are described in Section 6.

5.5 Conversion to Current Equivalent Costs

5.5.1 Conceptual Problems.

It is not always obvious how capital and operating costs for one
choice can be combined, in order to be able to make meaningful
comparisons between their combined value and that of another
choice. There are three principal reasons for this

(a) The capital and operating costs described in Section 4 are
typically defined to be of different dimension. That is,
capital costs are defined as total dollars spent once on
constructing a building while operating costs are defined
as dollars spent per year. In addition, the two types of
costs occur at different times.

* Source data on file at COU and MCU
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The problem arising from the different dimensions and timing
of capital and operating costs is basically a conceptual one.
It is also related to the more general one of evaluating social
investments. In addition to this conceptual problem, there are
two difficulties of measurement arising from the effect of cost
and price inflation.

(b) Capital and operating costs are not measured in terms of
comparable costs. Capital costs are normally based on
construction costs as of the date the contract is tendered.
Operating costs are normally measured from actual operating
costs at a series of late:! dates. Inflation in each type of
cost must be measured in order to convert each cost figure
into estimates measured in terms of costs of some standard
year that makes them comparable.

(c) Operating, repair, and renovation costs will also be incurred
in future years in which they are obviously not known now with
certainty. It is consequently necessary to specify how future
costs will relate to current costs of each type. Iri particular,
it is necessary to specify whether specific costs are likely to
grow faster than other categories of cost.

The following describes a method of calculation by which these
problems can be overcome.

5.5.2 Combining Capital and Operating Costs

The question of how to compare these two categories of cost may be
clarified by putting the question in planning decision terms:
how much should be spent in additional capital cost in order to
reduce operating costs by one dollar per year? Putting the life
cost definition question in this context emphasizes the fact that
the primary use of life costs is in the comparison of choices.

The answer to this question clearly depends on the further question,
for how many years will the operating costs be incurred?

The appropriate way to combine capital and operating costs is:

(1) to determine how many dollars it would be worth investing in
additional capital costs if by so doing operating costs could
be eliminated , and

(2) to add this amount to the capital cost known to be incurred

From the university's viewpoint, it is necessary to determine what
criteria should determine planning choices. The viewpoint taken
in this report, is that such criteria (at least for publicly -
supported universities) will reflect the criteria generally
applicable to government investment decisions.
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From the government's viewpoint, it is worth postponing some costs.
If the government incurs an expenditure in one year in order to
avoid a larger expenditure in a subsequent year, it may choose to
finance the earlier expenditure by borrowing (e.g. by selling
government bonds). In this case, it is economical to make the
earlier expenditure only if the sum of this expenditure plus the
compounded interest which the government must pay to borrow this
amount is less than the later expenditure which is thereby avoided.
Alternatively, if the government chooses to finance the earlier
expenditure from taxes, it foregoes the opportunity of reducing
outstanding government debt (along with subsequent interest rAyments)
if it uses the tax revenue to finance the earlier expenditure.. In

this case, the earlier expenditure is economical only if the later
expenditure thereby avoided is greater than the sum of the first
expenditure and the compounded interest which the government could
have saved by using its funds to reduce outstanding debt.

The compounded interest on an earlier expenditure reflects the
fact that, from a social viewpoint, the resources allocated to
construction of capital facilities have alternative uses. If

resources allocated to construction can be reduced by postponing
some costs, the resources thus freed can be used for other purposes
in the interim until they are required to meet the postponed costs.
As a result, resources available earlier are more valuable, both
to private individuals and businesses and to governments. The
bond market serves to provide a measure of the greater social value
of earlier resources by providing a market in which the varying
private and government demands for funds at different market prices
(interest rates) are balanced against the amounts of funds which
investors are willing to supply at such prices.

It is convenient to use the long term interest rate on government
debt to measure the market value of the earlier availability of
resources. The relative value of resources available now (Vo)
compared to that of resources available n years later (Vn) may be
expressed in terms of this interest rate (r) using well known
mathematics of compound interest*. The basic point is of course,
simply that Vo is greater than Vn because of the usefulness of
resources available for alternative uses even only for very brief
periods such as the n years over which costs may be postponed.
The use of the interest rate (rather than the ratio Vo/Vn or other
measure) to reflect this is merely an indication of general usage.

What this greater value of earlier resources implies is that for
the government (and society generally) it is worth spending a
dollar now to avoid an expenditure n years later only if the value
of the later expenditure is greater than the relative value of
resources available in year n. Expressing this in terms of the
interest rate, the cost avoiding current expenditure should be
undertaken only if the later cost is greater than (1+0 times the
current expenditure, where r is the real rate of interest.

* Specifically, the relationship is expressed by the equation

Vo/Vn = (l+r)n
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Alternatively, the current cost which is equivalent to an expenditure
of E dollars n years later, is the later expenditure divided by

,
(l+r)

n
. This current-equivalent amount is often called the

"present value" of the future expenditure.

To combine capital and operating costs, it is therefore
necessary to determine the current-equivalent of the operating
costs in each future year and to add the sum of these current-
equivalents to the construction cost of the building*.'

5.6 Problems in Defining a Procedure for Measuring Current-Equivalent Cost

Having stated a definition of total life costs that enables capital
and operating costs to be combined, it is necessary to note some
of the conceptual problems that need to be dealt with in applying
this definition. It is important to note that these problems are
inherent and always present in life cost studies, whether they are
dealt with explicitly or implicitly.

5.6.1 Choosing_ the Correct Interest Rate

Because the market rate of interlat depends in part on investors'
anticipations regarding future ptice inflation, it is necessary
to be sure that such inflation anticipations are reflected in the
costs estimated for future years in order that the interest rate
and future costs are consistent. Alternatively, the rate of
anticipated inflation may be subtracted from the market rate in
order to derive the "real" rate of interest. In the latter case,
future costs should be estimated without incorporating the effects
of general price inflation.

The market rate of interest is often called the "nominal" or
"quoted" rate of interest, to distinguish it from the two factors
(anticipated price inflation and the "real" social rate of interest)
which are subsumed in the rate quoted in financial markets.

The "real" rate of interest is more stable than the market rate of
interest, because of fluctuations in investors' anticipations about
future price inflation. Most economists would estimate the "real"
rate of interest to be between 3.5 and 4%. As a general rule,
it is wise to calculate using a number of interest rates in order
to be able to see to what extent the calculations are sensitive
to the choice of interest rate.

In many studies, all operating costs over the anticipated life of
the building are simply added together and combined with capital
costs. What such a procedure implicitly assumes is that the "real"
rate of interest is zero, which is not a realistic assumption.

* This can be written in specific terms as follows. If the operating
costs in each year are denoted by Ot (t denoting the year) and
C denotes the construction cost, then the total lifetime costs
of the building are

°1 02
+

2 3
°

+ 1 1+r TiTzrz

0
k

(1+0k

Where k is the life of the building. This expression provides
a definition of life costs.
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Moreover, such a procedure implies that it would be profitable for
society to i rest more in capital costs than would in fact be
economical*.

5.6.2 How Long will the Building Last?

This question was discussed in Section 5.2 above.

5.6.3 How Comparable are Historical Cost FigtAres?

This question was discussed in Section 5.3 above.

5.6.4 By how much will Costs Rise?

See Section 5.4 above.

5.7 Life Costs Computer Program

To reflect all of the issues discussed above and to allow for easy
recalculation of total life costs under varying assumptions, a
computer program was developed to handle life cost calculations.
The program deck is available for Ontario university use at COU.

Input for the computer program is described in detail in Appendix 6,
which includes as an example, a computer printout of the input
required to produce life cost calculations for the specific building
discussed in Section 6.

The program provides for an input of detailed specification of
construction costs, annual operating costs, and costs of cyclic
renewals and renovations. In addition, detailed cost adjustment,
inflation, and efficiency change factors are specified. The
program, given this input, then calculates expenditures on a
common basis for a specified number of years (incorporating the
effect of all specified adjustments). From the resultant vector
of estimated expenditures in each year, the program calculates the
present value of these expenditures over varying planning horizons
for different discount rates. Both "real" and nominal or market
interest rates are shown for given assumptions regarding the
anticipated rate of general price inflation.

* A numerical example will indicate how much of a bias is implied
by (incorrectly) assuming a zero rate of interest. For a building
with an anticipated life of 60 years, the use of a zero rate of
interest implicitly presumes that the value of one dollar saved
in the sixtieth year of the building's life is 9.15 times as
great as that which is implied by a real interest rate of 3.75%.



1.24

6. LIFE COSTS FOR FACULTY OF LAW BUILDING

6.1 Introduction

In order to test the methodology developed in this study, it was
decided to select an actual building and to assess the total life
costs for it. In addition to testing the methodology, this
procedure had the advantage of:

- establishing broad orders of magnitude between various life cost
components for an actual building

- establishing the validity of continuing actual life cost studies
for buildings in use

- appraising the time and effort expended in developing and obtaining
cost data for such a study

6.2 Selection of Building

In order to simplify the process, it was decided to use one of the
buildings which was analyzed in Building Blocks Volume 4. After
consideration of the six university buildings in this study, the
Faculty of Law Building at the University of Windsor was selected
as being the most suitable for this purpose.

Selection of an appropriate building was made on the basis of the
following criteria:

- that the building had been in operation for several years

- that it was a well-defined separated structure

- that it was not too specialized

- that there had been no major change

- that the university had data available that could be analyzed
for the selected building

6.3 Cost Data

6.3.1 Capital Costs

The capital cost analysis previously prepared for the Building
Blocks Volume 4 study was converted from 1971 Toronto costs to
the actual costs incurred at the time of construction, including
all change orders.

It was decided to list capital costs in five main categories as
follows:-

(1) Foundations and structure
(2) Envelope
(3) Interiors
(4) M 6 E systems
(5) Furniture and equipment
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All overhead costs and design fees were allocated on a pro-rata
basis to the value of each of these five categories.

6.3.2 Operating and Maintenance Costs

Actual operating and maintenance costs incurred since the opening
of the building (for a period of three years from September 1969)
were obtained from the files of the University of Windsor. While
these costs were fortunately available separately for this specific
building, it was necessary to reclassify them into the OAPPPA
classification system. The costs were also broken down into finer
detail, in order that they could be correlated with capital cost
elements. The work of producing the 0 & M data absorbed University
c' Windsor personnel in approximately 140 hours of time (4 man-
weeks). It should be noted that steam, water and power are not
metered at this building and the costs are therefore pro-rated from
campus totals.

6.3.3 Cyclical Renewal

This has been estimated as follows:

(a) Renovations - a careful analysis was made of the materials
and components specified for this building* Opinions were
sought from suppliers, sub-trades and the industry on
anticipated replacement cycles, which were then reviewed and
confirmed by the University of Windsor staff. The cycles
were taken over 60 years and it is possible that, had a
longer cycle been taken, then additional items would have
been admitted into the calculations. The estimates are
therefore biased downwards, as for example, items requiring
replacement at 100 year cycles would not be included.

(b) Alterations - the mean cost of alterations established
in the cyclical renewal study (part 2 of this report) was
used, since the building is so new that no alterations have
yet been carried out. The combined allowance for capital and
operating fund alterations was used.

(c) Equipment and furniture replacement - the costs of this were
assessed on the expected life cycles of the various items of
equipment and furniture purchased for this building* The
life cycles and resulting costs agree closely with the analysis
for the cyclical renewal allowances described in part 2 of
this report.

* See Appendix 4 for details
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6.4 Comprehensive Building Data

In order to permit comparisons between total life costs for a
number of buildings, it will be necessary to record certain key
statistics and information for each building. Table 1 on the
following page suggests a selection of these parameters, which it
was believed, have the greatest influence on building life costs.
They are relatively easy to measure and establish. Comments on
some of the items are as follows:

- areas are measured in accordance with MCU rules

- maximum population is the sum total of all student and work
stations in the building

- the hours of annual usage means the hours the building is open
to general usage during the calendar year

- number of rooms includes all assignable spaces, together with
equipment rooms, toilets, major assembly spaces, etc.

- categories of functional areas are in accordance with MCU data

- exterior wall area includes basement wall area

- percentage wall and roof area glazed represents percentage glazed
above grade
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TABLE 1

Basic Data for Life Cost Analysis

Building: Faculty of Law Building
University of Windsor

Location: Windsor, Ontario

User Education and training in both classroom and courtroom for faculty of law
students, together with extensive autonomous library and case research
facilities: faculty secretarial/office facilities

A. CAPITAL COSTS Pro-rata Unescalated
(Oct. 1968 dollars)

Net Cost
Overheads,
Fees, etc.

Undiscounted
Life Cost

(1) Foundations & Structure 1--315,910 $ 58,800 $ 574,710
(2) Envelope 293,290 33,470 ,326,760
(3) Interiors 485,350 55,370 540,720
(4) H & E Systems 587,210, 66,960 654,170

Construction Costs $1,881,760 214,600 $ 2,096,360

(5) Furniture .EN Equipment 237,510 nil 237,510

Totals $20.19,270 $ 2141600 $$22 333 870

B. OPERATING E. MAINTENANCE Actual Projection
COSTS Costs to to

3/31/:J* 3/31/2020

(1) Administration $ excl. excl. excl.

(2) Building maintenance 21,330 405,270 426,600
(3) Custodial services 155,610 2,956,590 3,112,200
(4) Utilities 119,570 2,271,830 2,391,400
(5) Landscape & grounds excl. excl. excl.

(6) Safety, security & traffic excl. excl. excl.

(7) Other excl. excl. excl.

(8) Renovs., alts. and major repairs
(a) Renovations component nil 1,515,180 1,515,180
(b) Alterations component nil 1,043,600 1,043,600
(c) Code component excl. excl. excl.

(d) Equipment component nil 152,180 152,180
(e) Furniture component nil 542 740 542,740
Totals $ 296,510 $ 8,687,390 $ 91_183,966
TOTAL UNESCALATED, UNDISCOUNTED LIFE COST $11 41?1 71(1

C. BUILDING DATA

Date of tender:
Date of occupation:
Volume:
Gross Floor Area:
Net assignable floor area:
Number of basement levels:
No. of floors above grade:
Maximum population:
Est. annual usage (hours):
No. of rooms:
Type of maintenance operation:
in house except outside contracts
Quality of maintenance:
Projected life for analysis

*Actual costs cover

October 1968
Sept. 1970
1,213,843 CF

85,140 SF
52,311 SF

1

2

650
4,074 Hrs

100

High
60 Yrs
36 Mo

Functional area breakdown:
classrooms 8,631
special purpose 6,173
offices 8,736
library 26,208
general

Total net fldor
area:

Roof area
Grade area
Exterior wall

area:

Total envelope
area:

SF
SF
SF
SF
SF

52,311 SF

32,905 SF
29,700 SF

46,460 SF

109,085 SF

12.1% wall & roof
glazed 9,566 SF
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6.5 Life Cost Calculation Assumptions

This section describes the calculations for the life costs of the
Windsor Law Building, for the first 60 years of its life. The
computer program described in Appendix 6 was used, with the building
data in Table 1 on page 1.27 providing the required inputs. The
program also required the use of a number of factors and assumptions,
which are essentially those required to deal with the problems
and issues raised in Section 5. These factors and assumptions can
be summarized as follows:

(a) Capital cost escalation - a factor of 18/31 of the published
Southam Composite Construction Index (Ontario Series), was
used to inflate the actual construction costs at time of
tender to present value. Southam indices (1961 base 100) are
143.3 for October 1968 and 232.9 for August 1973. (See
Section 5.3). The inflation of equipment and furniture costs
has been treated in the same way.

(b) Operating and maintenance cost escalation - in order to inflate
actual costs of utilities, maintenance and custodial services
from the years 1970-1973 to August 1973 values, the index
derived in Appendix 8 was used. The relevant data are as
follows:

% increase of costs/unit of in ut over .revious ear
1970 1971 1972 1973

Maintenance 8.6% 8.1% 6.2% 8.1%

Custodial services 8.3 8.4 5.1 10.7

Utilities 5.6 4.1 3.6 3.0

For the purposes of forecasting future costs of operation and
maintenance, a rate of cost increase equivalent to general
price inflation has been assumed for all elements of these
costs except utilities. This rate also applies to costs of
major repairs, renovations, alterations, and other components
of cyclical renewal.

For utilities, it has been forecast that the price of

these would double over the next 15 to 18 years, relative to
general price levels* Thereafter, increases have been
assumed to be equal to general price inflation. The effect
of this assumption on life costs has been demonstrated by
calculating the life cost both with and without this relative
price change.

(c) Effect of age - as discussed in Section 5.4, there remains
considerable work to establish the full effect of age on the
various cost elements. However, to show the change in life
costs of such an aging effect, the 6% annual growth of power
consumption has been included in one of the life cost
calculations. This rate of growth is expressed as a percentage
of the base year, and is equivalent to an annual compounded
rate of 2.2%.
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(d) Cyclical renewal expenditetes although this report recommends
an annual allowance for these, the life cost calculation assumes
these expenditures are grouped, and occur at certain intervals
of say, 10 or 15 years. The actual replacement cycles used
for e40.h cost element and sub-element, are listed in Appendix
6. The life cost computer program does Jllow for a percentage
of each of these elemental costs to be incurred equally
distributed on an annual basis, if a given life cost calculation
requires this.

(e) Building life - the computer program permits calculation of
a number of assumed years of life, or cost horizons. The
printouts for this particular set of calculations highlight
the 60 year period.

(f) Interest rates - as discussed in Section 5.6, a real interest
rate of 3.5% and 4.0% has been highlighted in the printouts.
These correspond to a market rate (or nominal or quoted
rate) of 7.0% and 7.5% respectively and infer an expected
average annual general price increase of 3.5% from now to
the cost horizon.

Table 1 also includes forecasts over the first 60 years of the
building's life, made on a straight line basis, assuming costs
will not increase, in terms of current dollars, as the building
gets older. These forecasts do not discount future costs and
assume no inflation.

6.6 Results of Life Cost Calculations

The estimated total life costs in 1973 dollars for the Windsor Law
Building were calculated by computer program for three differing
sets of conditions:-

1. Assuming no post-1973 inflation in any relative prices and no
post-1973 change in efficiency of use of inputs.

2. As above, except that the relative price of utilities is
assumed to double by 1990.

3. As in case 2, with efficiency of use of electrical services
assumed to decrease by a non-compounded 6% per year (assumed
to be equivalent to a 2.2% compounded deterioration in
efficiency).

The results for these three cases are presented in tables 2 to 4
on the following pages. In these tables, results are highlighted
for a 60 year cost horizon and real interest rates of 3.5% and
4.0%. These results are, it is felt, the ones most often relevant
for planning purposes.

These results can be compared to the figure shown in Table 1 for
a life cost which neglects differences between 1969 and 1973 dollars,
and which projects future annual costs in terms of undiscounted
1973 dollars.
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Renults can be summarized as follows:-

Life Costs for first 60 years life of Windsor Law Building

Table 1 - actual dollars, no discounted projections $ 11.52M

Table 2 - no future relative price changes, no effect
of age on consumption (74% discount) 5.97M

Table 3 - as for Table 2, except utilities price
doubled by 1990 relative to general inflation
(74% discount) 6.50M

Table 4 - as for Table 3, but with annual increased
consumption of power (74% discount) 7.38M

Table 2 provides a useful example of the importance of discounting
and of the interaction of assumptions regarding the interest rate
and assumptions about the cost horizon. Using a correct real rate
of interest (between 3.5% and 4.0%) the total life cost of the
building is calculated to be between $6.0 million and $6.4 million,
assuming a 60-year cost horizon. These figures are about half

the sum of undiscounted costs over this period. The life cost for
the building using a real rate of interest of between 3.5% and
4.0% is also relatively insensitive to the actual period used;
doubling the cost horizon to 125 years increases total life costs
by less than 10%. (By contrast, total undiscounted costs are
almost doubled).

Tables 3 and 4 illustrate the sensitivity of the results to

alternative assumptions regarding cost inflation. Table 3 shows

that the effect of the generally anticipated doubling in fuel prices

is likely to have a greater effect on total life costs of the Law

School building than a doubling of its life without this fuel

price increase.
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6.7 Relationship between Capital and Operating Costs

The proportion of the total life cost formed by the capital cost
and the operating cost components, depends upon the assumptions
made regarding escalation, inflation, discount rate and the other
factors previously discussed. The following tabulation shows the
relationship between these two components for the four cases
summarized above.

Assumptions

1. A Unescalated, undiscounted
(Table 1)

Total Relative Percentages
Life Cost Capital 0 & M, incl. C.R.

$ 11.52M 20% 80%

1. B Undiscounted, capital cost
escalated to 1973* 11.99M 23 77

2. 731% discount, no future
relative price changes
(Table 2) 5.97M 47 53

3. 71/2% discount, utilities
price doubled by 1990
(Table 3)

4. 71/2% discount, utilities
price and consumption
increase (Table 4)

6.50M 43 57

7.38M 38 62

* 1968 capital cost of $2.33M is equivalent to $2.80M in 1973 dollars

The above tabulation clearly indicates the importance of the present
value method of calculating life costs. In the undiscounted cases,
the relationship of capital to operating is in the order of 1:4.
However, this changes almost to a 1:1 ratio, when future annual
costs are converted to their current eqnivalent value.

The bibliography contains two items in which reference is made to
this relationship between the capital and operating ccsts. Stone (1),
page 15, displays the following figures, which are based on the
present value method of analysis, though the actual rate of discount
is not stated.

Estimated Costs-in-Use for Typical Buildings

Type of Costs

Percentages
High Fact- Hosp-

Offices Flats Houses ories itals Schools

Initial 53 61 56 56 65 60

Maintenance 14 13 16 16 19 19

Fuel and attendance
for heating and
lighting 33 26 28 28 16 21
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A direct comparison with the Windsor figures is not possible,
because Stone's figures do not include alterations and replace-
ment of furniture and equipment. However, if they did, the initial
(i.e. capital) cost percentage would obviously be reduced, which
would tend to make these figures similar to the Windsor percentage.

The Educational Facilities Laboratories booklet on energy conserv-
ation (33) on page 10 comments that:

"first cost constitutes roughly 8% of the total 40-year cost;
0 & M costs represent 12%; and teaching-administrative costs
represent an overwhelming 80%".

It can be inferred that these figures are based on the present
value method, since the booklet also explains this method of
analysis. Thus, this reference indicates a ratio of 1:11/2 between
capital and 0 & M costs.

As a further check on the general validity of the relationship
as derived for the Windsor building, an analogous present value
life cost calculation was made for total capital and operating
costs for the entire Windsor campus and the Ontario University
system as a whole. Using a 71/2% discount rate, over 60 years,
on each of these two cases, produces the following results:

Capital cost (basted on $55 per NASF)

0 & M costs, including allowance for
cyclical renewal costs

Total life cost (71/2%, 60 years)

Capital cost %

0 & M costs (incl. C.R.) %

Windsor Ontario
Campus System

$ 46M $ 935M

3M p.a. 55M p.a.

86M 1,659M

54% 56%

46% 44%

These figures also indicate that the relationship is in the order
of 1:1.

6.8 Conclusions from total life cost analysis

Conclusion No. 1

Quantitative conclusions cannot be drawn from this analysis of
a single building. The use of any one of the total life cost
figures in Tables 1, 2, 3 or 4 as a "typical" building life cost
should be avoided, unless clearly qualified by a statement on all
of the assumptions, etc. that have been made. In the bibliography,
the Task Force has found no dollar figure of building life cost
that covers a comparable scope, that could have been used for
comparison and validation purposes.
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Thus, until a number of buildings have been subjected to the life
cost analysis and a body of data is avAilable, too much stress on
the actual dollar figure should be avoided. What is of significance,
are the differences between results arising out of different discount,
etc. assumption. In this general area, more specific conclusions can
be drawn as follows.

Conclusion No. 2

Overemphasis on operating and maintenance costs (at the expense of
insufficient emphasis on capital costs) can result from the use of
conventional and Undiscounted evaluations of projected future costs.
Comparability and validity can be achieved only if a common discount
rate, assumed inflation rate, etc. are established for use in life
-cost analysis of Ontario university buildings.

Conclusion No. 3

The assumption relating to the length of the building life is
relatively less significant than discount and inflation rates, in
the evaluation of life costs.

Conclusion No. 4

The computer programme for evaluating life costs can be used in any
building study, provided the definition of life costs remains the
same as that used in the programme. The programme will always supply
comparable answers, when used for different buildings, provided that
input assumptions such as discount rates, are consistent.

The undiscounted, conventional life cost projection method will not
provide comparable results unless the time spans with constant
annual expenditure, are equal in the studies being compared. This
is rarely the case and the Task Force concluded that the present
value method was the only one which o:ercame this problem and which
was able to take into consideration the conceptual problems described
in Section 5.
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7. LIFE COST - BUILDING SYSTEM RELATIONSHIP

7.1 General

It is generally agreed that the study of life costs is likely to
return the greatest benefit in the comparative analysis of different
building systems, both for new construction and buildings in
operation. Studies may be conducted at a very simple level (e.g.
wall tiling versus epoxy coating) or at a highly complex level in
which several interrelated components or systems are involved (e.g.
comparative lighting systems). For the purposes of the pilot
study, it was decided to select a complex system from the Law
Building, in order that techniques could be tested where a number
of interrelationships were involved. The natural choice was the
building HVAC system and this has been studied with the following
objectives:

(a) to identify all factors (both building and operational) which
influence system life cost

(b) to gain an understanding of the relative influence of each
factor on system life cost

(c) to study some potential design options which might have been
available to the designers to the building in relation to
building design modifications, alternative HVAC systems and
consideration of different operational conditions

The study was therefore undertaken to look at total life costs,
rather than energy costs alone.

7.2 HVAC Life Costs

The capital cost of an HVAC system is inflUenced by two basic
considerations: firstly, the output demanded of the system and,
secondly, the type of system which is chosen to provide this output.
Both decisions are influenced, to one degree or another, by a wide
variety of factors. Similarly, the other component of life costs,
being the cost of maintenance and the cost of energy consumption,
is influenced in turn by the capacity and type of system designed
and the conditions under which it is operated from an occupancy
and climatic point of view.

Factors which influence the calculation of output or capacity of
the system loads are as follows:

(a) Conduction heat gains or losses

(1) Exterior wall and exposed overhangs

- net area

"U" factor, which depends upon

(i) type of wall
(ii) insulation including air gap (if any)
(iii) colour
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(iv) finish
(v) construction material

(2) Exterior glass (including rooflights)

- net area

"U" factor, which depends ul.on

(i) type of glass
(ii) single or double glazed
(iii) colour
(iv) finish
(v) venetian blinds or shades

(3) Floors

- net area

- "U" factor, which depends upon

(i) type of floors
(ii) insulation (if any)
(iii) construction material

(4) Roof

- net area

"U" factor, which depends upon

(i) type of roof
(ii) insulation
(iii) construction material
(iv) colour
(v) finish

(b) Excess solar gain

(1) Latitude of the proposed building site

(2) Heat gain factor which depends upon directional facing
and colour of the different walls

(3) Area of

(i) walls
(ii) glass
(iii) roof
(iv) skylights

(c) Design criteria

- desired inside conditions including relative humidity

- worst outside conditions to be assumed
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(d) Internal loads

(1) People

- maximum number of people occupying the building at one
time

- degree of activity (i.e. standing, sitting, walking, etc.)

- type of building (i.e. school, theatre, offices, etc.)
and occupancy schedule

- special conditions (odours, fumes, etc.)

(2) Lighting

- type of fixtures

(i) fluorescent
(ii) incandescent

- number of fixtures and peak wattage

(3) Appliances and equipment

- kitchen equipment (cooking ranges, refrigerators)

- small and large electric motors

- gas equipment

- electric calculating machines

- other miscellaneous sources

(4) System

- gain or loss by the system components such as ducts,
piping, fans, compressors, etc.

(5) Stairs, elevators, shafts, etc.

- location

- temperature and conditioning

(e) External loads

(1) Amount of fresh air (CFM)

- type of building (school, office, hospital, etc.)

- number of people
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(2) Infiltration

- number of opening windows and doors

- wind velocity in the area

- difference in density (variation of temperature and
humidity between outside and inside of the building)

(3) Adjoining buildings (if any)

- shading

- temperature

- conditioned or not

(4) Adjacent surfaces

- reflective quality (e.g. water, sand)

7.3 System Selection

Once the basic capacity of the HVAC system is calculated, the
following factors then affect the selection of a system type to
one degree or another:

- sources and type of energy

- control and zoning requirements

- space available for distribution (vertical and horizontal)

- location of main equipment rooms

- availability of roof for location of equipment

- terminal design limitations (dimensional and acoustic)

- comfort and noise levels

- visual restrictions

- number of floors and dispersal of space

- capital cost limits

- operating cost limits

- type of structure

- degree of interior flexibility required
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7.4 Costs of Operation

During the operating life of the selected HVAC system, these
factors affect the level of cost of operation:

- schedule of occupancy and operation

- capacity of systems

- flexibility and control of systems

- energy source

- system losses

- degree - day experience

- level of inside conditions established

- use of shading

- lighting levels

- length of heating and cooling seasons

- degree of recirculation

- system durability and reliability

7.5 Cost-Design Analysis

The factors listed in 7.2, 7.3 and 7.4 above, affecting HVAC system
capacity, selection and operating cost, are widely understood by
design engineers and generally appreciated by architects and
building owners. However, because of the interaction of many of
the factors and the introduction of a wide number of variables,
the ability of anyone to comprehend fully the influence of any one
factor is reduced to intuitive levels. Only through the use of
computer-assisted analysis programs can the necessary calculations
be made to enable a comprehensive economic analysis of design and
operational options.

The ability to fully optimize these options is further complicated
once costs are added to the equation, and complicated again once
operating and maintenance considerations are taken into account,
i.e. total life costs.

In order to appreciate some of these problems and to obtain some
experience in attempting to resolve them, the Task Force searched
for a powerful method of analysis, which would provide promise
for the future and the immediate ability to assess the objectives
of the HVAC system study.
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7.6 Meriwether Programs

After reviewing a number of methods both manual and computer-
assisted, it was decided to proceed with the so-called Meriwether
programs of energy system simulation, developed by Ross R. Meriwether
and Associates Inc., of Texas. This library of programs is
available on a royalty basis through Consumers Computer Limited
and rights have also been acquired for in-house use by the Department
of Public Works of Ottawa. The programs have been used by the
University of Western Ontario and satisfactory results obtained
and it was therefore decided to experiment with their use for the
Law Building study.

The programs provide an hour-by-hour calculation of the annual
energy consumption of nine types of airside systems and mechanical
plants. Each major step in a complete energy system analysis is
handled by a different program, thereby permitting an evaluation
of the results of one part before finalizing inputs and proceeding
with the next part. The various programs permit the user to
evaluate different airside system types, various control
temperatures, air flow quantities, operating schedules, heat
recovery or economizer cycles, various equipment types and accessory
combinations, competing energy sources and alternate utility rates.
A final program assesses total owning and operating costs.

It should be noted that the programs supplement existing load or
output calculation techniques (whether manual or mechanized).
Thus, the programs do not calculate heat gains or losses, for
example, which must still be done by traditional methods. Nor do
the programs take into account total cost optimization, but rather
concentrate on optimization of the HVAC system alone. Informed
users of the programs may, by reverse analysis, feed in these
cost factors, but they are not automatic.

Further data on Meriwether programs is available directly from
Consumers Computer Limited and outline summaries of the programs
used in this study are on file at MCU and COU.

Whilst the Meriwether programs will return the greatest benefits
in the analysis of new building designs, their application to an
analysis of existing HVAC systems should not be underestimated.
Such analysis permit the simulation of various changes to the
existing building and system and an appraisal of their effects.
The use of the programs is particularly appropriate where capital
cost expenditures involving system changes, or building modifications
(e.g. addition of window shading, addition of extra insulation,
etc.) are contemplated.

7.7 Life Cost Analysis - HVAC System

Employing the Meriwether Energy System Analysis, the following
studies were made:

(a) the actual system as installed

(b) an alternate system suitable for this building
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(c) an alternative schedule of use

(d) an alternate architectural design option

7.7.1 The Actual System

A dual duct system has been used in the Law Building. This system
may be described as a central plant which provides warm air alongside
an adjacent system of cold air ducting. At each air conditioned
area (zone), a mixing box merges the cold and warm air which is
then discharged into the zone at the temperature required to
control local conditions.

Capital cost of this system

Annual energy cost of the system
(see Table 5 on page 1.44)

Annual maintenance cost of the system

Estimated cost of replacement and major
repairs (over 60 years)

Life cost based on 60 years (7.5% discount
rate) - present value

7.7.2 An Alternate System

In selecting an alternate HVAC system, three possibilities were
examined:

(i) Terminal reheat

(ii) Terminal reheat - induction unit

(iii) Variable volume

$ 335,000 (1968 $)

24,740 (1973 $)

4,455 (1971 $)

149,320 (1968 $)

830,230

Following discussions within the Task Force, it was decided to
select for comparison with the existing installation, the terminal
reheat system. This system may be described as a central plant
which provides cold air all year round into a system of ductwork.
At each conditioned area, a heating source is provided locally to
temper the air to suit the area requirements. For this study, a
hot water heating coil was considered.

Capital cost of the HVAC system $ 309,000 (1968 $)

Capital cost savings (architectural) nil

Annual energy cost of the system (Table 5) 25,052 (1973 $)

Estimated annual maintenance cost of the system 4,680 (1971 $)

Estimated cost of replacement and major repairs
(over 60 years) 139,730 (1968 $)

Life cost based on 60 years (7.5% discount) -
present value 803,345



Systemss A.

B.

C.

D.

Table 5

ANNUAL, ENERGY CONSUMPTION (HVAC SYSTEM ONLY)

Double Duct, (min. dampers open at night)

Double Duct, (dampers closed at night)

Terminal Reheat, (min. dampers open at night)

Double Duct, with modified glazing, (min. dampers

Natural Gas

1. Heating MBTU
2. Humidification MBTU
3. Domestic hot water

system MBTU
4. Total of 1, 2 and

3 plus'30%* MBTU
5. Average gab unit

rate $11000 CF
6. Total Amount

Electricity

7. Cooling
8. Cooling**
9. Fans, motors, etc.
10. Total of 8 and 9

plus 5%***
11. Average unit rate
12. Total Amount

Total Annual Rnergy
Cost (sum of 6 and
12)

Tons-Hrs.
KWH
KWH

**

* * *

KWH
$/KWH

System

open

1.44

at night)

A B

13,475,981
3,926,850

1,469,353

24,533,839

10,901,493
2,768,010

1,469,353

19,680,513

12,237,159

3,180,782

1,469,353

21,953,482

11,776,214
3,549,825

1,469,353

21,834,010

0.542 0.542 0.542 0.542
12,786 10,257 11,441 11,379

373,882 560,303 . 548,223 344,311
388,837 582,715 570,152 358,083
919,800 919,800 919,800 919,800

1,374,069 1,577,640 1,564,450 1,341,778
0.0087 0.0087 0.0087 0.0087
11,954 13,725 13,611 11,673

24,740 23,982 25,052 23,052

30% added because of boilers, service tunnel and other mechanical equipment
efficiency.

1 Ton-hr. 1.04 KWH, from N. Fodor & Assoc. Ltd. Study on Central Plant of
University of Windsor. This also allows for coefficient of performance,
efficiencies, etc.

2% added because of substation, transformer and transmission lines loss etc.;
and 3% added for chilled water piping loss in service tunnel and mechanical room.

**** Direct comparisons between A and C cannot be made, because end results are

not identical.
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7.7.3 An Alternative Schedule of Use

It was suggested that the fresh air dampers of the existing system
could be re-scheduled to close completely between midnight and
7:00 a.m. every day year round.

Some energy consumption savings are achieved on a yearly basis:

Dual duct system (Table 5) $ 758 (1973 $)

Life cost based on 60 years (7.5% discount) 820,255

7.7.4 An Alternative Architectural Design Option

Skylights and glazing in the existing building were omitted or
modified, in this theoretical alternative.

Capital cost of the HVAC system

Capital cost savings (architectural)

Annual energy cost of the system (Table 5)

Annual maintenance cost of the system

Estimated cost of replacement and major repairs
(over 60 years)

Life cost based on 60 years (7.5% discount
rate)

7.7.5 Summary

$ 328,000 (1968 $)

(89,500)(1968 $)

23,052 (1973 $)

4,455 (1971 $)

149,320 (1968 $)

684,855

In summary therefore, the calculated present values of system life
costs for the four studies are as follows; in descending order of cost:-

A the base building system (dual duct)

B closed tresh air dampers (dual duct)

C alternate system (terminal reheat)

Present value Ratio

$ 830,230

820,255

803,345

100

99

97

D omission of skylights and windows 684,855 82

From these results, it should be evident that considerable benefits
are likely to accrue from finer and more thorough analysis of building
and HVAC design in terms of total life costs, optimizing the cost
returns from a total integration of design and operational decisions.
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7.8 Conclusions

General conclusions may be drawn from this preliminary HVAC analysis
as follows:

(a) The returns to be gained from an optimization of HVAC system
and building design will become more significant as energy
costs escalate at the predicted rates. The use of a rational
life cost methodology is essential to such a process of
optimization.

(b) The Meriwether programs are a powerful tool now available to
designers and physical plant administrators, for the hour-
by-hour analysis of energy requirements. This in turn permits
fine tuning of designs and operation, previously not possible
by manual means. However, based on the limited experience
so far obtained with this tool, the Task Force concluded that
the programs are not easy to handle and require manipulation
and use by qualified consulting engineers. Any agency or
institution proposing co use them, should not underestimate
the time required for familiarization and interpretation.

(c) The programs concentrate on the optimization of HVAC systems
and do not provide for total building optimization, although
this may be added manually.

(d) It is evident that a wide range of variables affect HVAC system
life costs. These must be understood and identified and an
order of magnitude estimate of their impact on total life
costs established. Due to the complexity of the calculations,
it is not possible at this time, without considerable expense,
to ascertain the life cost effects of more than one variable
at a time. The Meriwether programs for example, are particularly
rigid in this respect and require separate runs for each
variation, although possible boundaries may be set for each
variable and interpolation assumed in certain cases.

(e) While the limited scope of this pilot analysis is insufficient
to draw any significant conclusions about this building, it
can be seen that a 3% savings in life costs appears to be
possible by changing the schedule of operation of the dampers
in the system, as explained in section 7.7.3#

(f) Larger life cost savings, in the order of 17.5%, appear possible
with an alternative architectural design option, but this
statement should be viewed in the light of the next conclusion.

(g) The Task Force felt unjustified in drawing any technical
conclusions from this quantitative, computerized analysis of
the actual or possible alternative HVAC system, because:

- lack of time to review the computer results thoroughly
which is felt to be necessary because of problems inherent
with the use of computers, e.g. key punch errors, input
data requirements not understood, data transposed, etc.

* This neglects the additional savings from the effects of free

cooling when outside temperatures are below about 650F.



1.47

- the programs do not consider architectural and physical
factors (including aesthetics and convenience), which may
require to be changed with the use of the possible alternatives,
for example, headroom dimensions, duct shaft sizes. The
study did not progress in the time and with the resources
available, to a consideration of these factors.
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8. CONCLUSIONS AND RECOMMENDATIONS

The members of the Task Force have found the study very interesting,
educational and valuable and feel confident that its,achievem6ts
in the following areas are worthwhile:

- the scope of future studies in this areas has been identified

- a methodology has been established

- the life costs for an actual building have been evaluated

- the availability (or absence) of relevant data has been measured

- the pilot study has identified the issues and remaining problems

- a definition for cyclical renewal has been adopted, and a
preliminary assessment made of an adequate allowance

At the same time, the study has been able only to draw tentative
conclusions in some of the areas covered, and these will be
subject to future verification. The Task Force was hindered by
the limited amount of time for the study and by the lack of readily
available data which would have made it possible to draw more
statistically valid conclusions.

Specific.conclusions and recommendations arising out of this
preliminary study of building life costs, can be grouped into two
main categories. These relate, firstly, to the study as a process
for defining a methodology to acquire and utilize certain data on
buildings, as A prelude to continuing and comprehensive studies
which will assist universities in cost saving activities. Secondly,
there are the comments which relate to the actual quantitative
results obtained by the application of the life cost analysis to
the selected building at the University of Windsor.

The conclusions and recommendations from the study as a process
are listed below. They are accumulated here, because they arise
from several sections of the report. Conclusions in the area of
total life cost analysis for the Windsor case study, are contained
in section 6.7, commencing on page 1.33, immediately following the
description of the analysis. Conclusions from the HVAC analysis
are listed in section 7.8, page 1.46, following the outline of the
computerized study of the HVAC system.

Since this is only a preliminary study of the Law Building at the
University of Windsor, i.e. an example of the use of techniques of
analysis, the Task Force has made no recommendations concerning
the design or operation_of this specific building.
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8.1 The Study as a Process

The Task Force feels that the following conclusions may reasonably
be drawn from the work of the study.

Conclusion No. 1

It is possible to establish the total life cost for a building
given the following items:-

(a) A definition of total life costs

(b) The actual construction costa with sufficient detail to
identify the costs of various elements and sub-elements

(c) Maintenance and operating cost records in sufficient detail
to identify costs for each of the operating and maintenance
elements included in the definition of total life costs

(d) The life cycles of the building and its components

(e) Reliable cost indices for converting past actual capital,
maintenance and operating costs to present costs

(f) A procedure for converting forecasts of future expenditures
to the present value using appropriate discounted cash flow
and inflation percentages

(g) A procedure for evaluating costs of cyclical renewal

(h) A simple computer program for establishing the total life
costs with the above listed inputs and having the ability to
quickly establish the range of values that may be found with
different assumptions about escalation, discount rates,
inflation rates, etc.

All of the above items have been investigated as part of this study
and, where necessary, assurptions have been made and justified.
It should be noted that the study investigated the availability
of detailed operating and maintenance records. Comments on their
present and future availability are to be found elsewhere in this
report.

Conclusion No. 2

The calculation of a figure for the total life costs of a specific
building is a worthwhile process for the following reasons:-

(a) It makes possible knowledgeable decisions concerning operating
expenditure consequences of capital decisions, and vice versa.

(b) The availability of total life costs for a number of buildings
would permit comparison of different building styles, usages,
etc.

(c) The examination of total life costs enables one to establish
the relative importance of various elements making up these

costs.
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(d) The total life cost analysis Of many buildings will produce
an invaluable data base, which would enable a thorough under-
standing of life costs to be obtained. This will assist in
the forecasting of life costs for new buildings.

(e) The total capital and operating cost effect of user requirements
can be evaluated during the planning and design process of a
building. Such consideration of both costs is an advance over
interpreting these requirements from the point of view of
capital costs only.

Conclusion No. 3

The quantitative results of the study of life costs of the Law
Building at the University of Windsor are valuable in that they
are part of the process of understanding the subject. Obviously
no statistical or general conclusions can be drawn from this one
set of costs. A major task faces the university system in obtaining
enough data to draw some general conclusions. Enough experience
has been gained with one building to know that much time and some...
money will be required for this data compilation and accumulation
process.

Conclusion No. 4

The study has uncovered a number of useful techniques for analyzing
life costs. Included in these are the following: -

(a) Computer programs for studying heating, ventilation and air
conditioning system efficiency in actual buildings or during
the design process.

(b) The replacement cycle method for costing future building
renovation and furniture and equipment replacements.

(c) A computer program calculating the present value of the total
life cost and for comparing life costs when some of the input
assumptions are varied.

Conclusion No. 5

By and large, a lack of data exists in the Ontario university
system, on the following:-

(a) Operating and maintenance costs on individual buildings

(b) Actual data on true lifetimes of major elements of buildings

(c) Reliable indices to convert past construction, maintenance
and operating costs to present cost levels

Conclusion No. 6

Based on a search of the available bibliography, it appears that
little work has been done in Canada or elsewhere of direct application
to the study. For example, no figure has been found which represents
the total life cost as defined here.
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Conclusion No. 7

One of the major problems in forecasting life costs in the remaining
years of the building's life, is the effect of increasing age on
items such as utilities, maintenance and housekeeping costs. While
the Task Force has identified some tentative conclusions for some
of these costs, any future study into the subject of life costs
must thoroughly examine this problem.

Conclusion No. 8

The work of the Task Force would have been impossible without the
use of consultants able to devote considerable time to the detailed
work of data assembly, analysis, etc. A disadvantage faced by the
Task Force, compared to, say, the Task Force on Building Costs, was
the absence of a director or chairman able to spend periods of full
time on the project. The Task Force feels that any further in-
depth study of the subject of life costs must be able not only to
call on the services of consultants, but also to be co-ordinated
and guided by someone in a position to work full time for stretches
at a time on the project.

Conclusion No. 9

Faced with ever tighter operating budgets, universities are urgently
investigating ways and means of achieving savings in further operating and
maintenance costs. This is evidenced by a series of information
exchange sessions which have been held this year among the various
physical plant staffs. The question therefore arises, in what way
will this report help the universities. Without belittling the
efforts already being made by the universities, the Task Force
concludes that a better understanding of life costs and a greater
availability of quantitative information on such costs, will help
to assess the results of costs savings efforts more accurately and
will provide a guide to the areas where the highest payoff for such
efforts may be expected.

Conclusion No. 10

The Task Force attempted to establish a close correlation between
elements of operating and maintenance costs and elements of
construction costs. It was found however that any given
operating or maintenance cost was affected by a large number of
different building elements. It is only possible through means
such as the Meriwether computer program to assess the effect of
a change on a large number of cost elements.

Conclusion No. 11

Many of the features of a building and its operation, are the results
of implementing the requirements of users. The study considered
these requirements as valid. The Task Force feels that there is
scope for a study of the validity of such requirements, particularly
after further work in life costs makes it possible to judge user
requirements from a total life cost viewpoint.
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Conclusion No. 12

The joint representation on the Task Force, of MCU, and COU (CCF)
and members of OAPPPA was useful, It contributed to
a better understanding between the various groups, and made it easier
to get certain data.

8.2 Recommendations Concerning the Study of Life Costs

Recommendation No. 1

The investigation of building life costs should be continued and
completed, by a Task Force established for this purpose.

Recommendation No. 2

The Task Force should include the following specific items in its
deliberations:-

(a) Further accumulate and analyze data leading to a more
statistically valid assessment of cyclical renewal allowances

(b) Review the methodology and assumptions contained in this
preliminary study

(c) Working with the universities, establish a framework for the
reporting system required for the accumulation of operating and
maintenance costs of individual buildings on an annual basis

(d) Working with Statistics Canada and any others involved, review
the subject of construction cost indices from the point of view
of whether it would be advisable or necessary to make indices
available for all university locations in Ontario

(e) Set up a system for accumulating the necessary data to prepare
an operating and maintenance cost index along the lines used
in this study

(f) DevelopDevelop a method of updating total life cost present values
so that these are kept current year by year

(g) Initiate a study of the effect of the age of the building on
the various elements of operating and maintenance costa

(h) Investigate user requirements as they affect the technical
environment, i.e., heating, ventilation and air conditioning
systems, electrical systems, finishes and building envelope.

(i) Prepare a "manual" which would accumulate information such as:

- how to use life cycle costing
- how to use MVAC simulation computer programs
- case studicc
- annual data supplements with regular updates
- updated bibliography

(j) Determine how to make best use of technical groups, staff at

universities and sub-committees, to help the Task Force
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Recommendation No. 3

The Task Force should be provided with a director or chairman who
is in a position to work full-time for certain periods during the
work of the Task Forde.

Recommendation No. 4

COU and/or MCU should investigate sources of research funds to
assist in the work of the Task Force.

Recommendation No. 5

Sufficient funds should be allocated to carry out the study.

Recommendation No. 6

In the immediate future, each university should apply the techniques
and methodologies outlined in this report, to reduce the life costs
of existing and future buildings.
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CYCLICAL RENEWAL

1. INTRODUCTION

2.1

The introduction of the Interim Capital Formula in 1969 came at the
end of a decade in which enrolments had been rising steadily and
rapidly. The main thrust of the formula was therefore directed
toward providing additional new space to accommodate increased
numbers of students and toward meeting concomitant requirements for
site acquisition and development.

In 1970 and 1971, the Interim Formula was revised to take some
account of the age and quality of buildings (the age-quality
discount) and the need to alter and renovate buildings (the cyclical
renewal allowance). These were important innovations but in a time
of increasing enrolment they were regarded as secondary features of
the formula, somewhat preliminary in nature and based on rather
gross assumptions.

As enrolment and the size of physical plants stabilize, these
secondary features become all important. The cyclical renewal allowance
provides the only continuing source of capital funds for keeping
the physical plant in good repair and for alterations to suit changes
in use made necessary by enrolment shifts and changing academic
requirements.

At the time of its introduction into the formula, the allowance was
only defined in the most general terms and universities were not
clear as to exactly what costs the allowance was intended to cover.
In any case, each university was free, within its total formula
entitlement, to use its allowance to renovate, alter or build new.

In view of its importance, therefore, the Committee on Capital
Financing of the Council of Ontario Universities requested a group
of members of the Ontario Association of Physical Plant and Planning
Administrators to study problems related to cyclical renewal, and
particularly, what costs are intended to be covered by the allowance,
an4 the adequacy of the present annual allowance of 1% of the
allocation inventory valued at $55 per net assignable square foot ---
plus current cumulative formula cash flow.

In view of the study of total life costs for buildings, which
includes items covered by the cyclical renewal allowance, it was
considered desirable and, indeed, essential that the Task Force on
Life Costs include in its work, an assessment of these problems
related to cyclical renewal, and recommend a suitable level for the
allowance.

This study of cyclical renewal has been made a part of a comprehensive
report on building life costs, because of its relationship to these
costs. However, this part of the report is a complete and self-
contained statement on cyclical renewal. For this reason, it
contains its own conclusions and recommendations.

:
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At the outset of this report on cyclical renewla, it should be
stressed that the terms of reference for this work, related mainly
to the question of the adequacy of the current 1% allowance. This
report does not comment on the adequacy of the $55 used in the
formula to value each assignable square foot of space; this was
the subject of recommendations in Building Blocks Volute 4.

The Task Force did not study the question of whether cyclical
renewal funding should be separated from the overall capital
formula, though conclusions have been drawn regarding the need
for cyclical renewal funds irrespective of whether enrolment
entitlement for any specific institution is positive, zero or
negative.

In addition, the study did not investigate whether other, funda
mentally different formulae or funding methods might not exist,
to replace the present formula system.

The remaining portions of this statement on cyclical renewal will
deal with its scope and definition, suggested methods of rational
assessment of adequate allowances for its components, and will
summarize the findings. The statement will conclude with a
recommendation concerning the size of the present allowance.

The Task Force on Life Costs would like to acknowledge the work of
Mr. Barry James, of Carleton University, who laid the analytical
groundwork, on which much of the following work was based.

A copy of all survey responses and other basic data relevant to
this analysis of cyclical renewal, is available in the offices of
the Council of Ontario Universities, and of the Capital Support
Branch, Ministry of Colleges and Universities.
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2, SCOPE AND DEFINITION

At a meeting of the Ontario Association of Physical Plant and
Planning Administrators held at Laurentian University on October 13,
1971, representatives of the Ministry of Colleges and Universities
presented an informal working paper on certain aspects of the
Capital Formula, including cyclical renewal. In this statement,
the purpose of cyclical renewal was described in the following
sentence:

"This additional allowance to the Formula inserts an amount each
year into the total cumulative entitlement to cover the cost of
alteration and allow for depreciation, obsolescence and eventual
replacement."

A further meeting of OAPPPA representatives was held at the Skyline
Hotel in Toronto on January 13, 1972 at which the proposed definition
was further discussed. While this discussion dealt to a significant
extent with the differences between maintenance and renovations,
it was suggested that the ultimate replacement of buildings
could not be covered by the then current formula.

The Task Force also considered this matter of replacement and
decided that this item should not be included, because of the higher
level of uncertainty regarding associated expenditures. The Task
Force felt that a better way of handling this item was by reducing
the university's allocation inventory, when a demolition is approved,
which is the current arrangement.

One of the first tasks of the Task Force was to review the previous
work on cyclical renewal and then to arrive at a statement
of its scope. It was concluded that the cyclical renewal allowance
should provide funds adequate to cover all costs related to
physical facilities except the following:

(a) New facilities made necessary by increased university enrolment*,
including initial furniture and equipment.

(b) Site acquisition and other costs presently covered by the
non-formula portion of the interim formula

(c) Normal maintenance including minor repairs, which may be said
to consist of all work operations or material expenditures
related to the Physical Plant work operation to maintain the
plant in good condition and achieve the life expectancy of
the building element. Such work is funded from operating
budgets.

Within this broad scope, the Task Force identified five costs
of cyclical renewal which could potentially be included in a
cyclical renewal formula. They are defined as follows:

* funded through the enrolment component of the capital formula
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(1) Renovations Component

Major repairs to and replacement of building elements, such
as roofing, mechanical systems, made necessary by normal use
and deterioration.

(2) Alterations Component

Remodelling to accommodate user requirements resulting from
changes in occupancy, use or academic requirements.

(3) Code Component

Work involving extraordinary expenditures forced on a university
by circumstances over which it has no control, when not carried
out as part of another project under components 1 or 2. This
might include alterations made necessary by changing code
requirements or interpretations.

(4) Equipment Component

Replacement of major non-building equipment such as audio-
visual, instructional and research equipment in scientific
and other special purpose laboratories or spaces.

(5) Furniture Component

Replacement of furniture.

Of these, the Task Force considered the code component inappropriate
for inclusion in a formula. It was felt that there would be few
instances of alterations made necessary by changing code requirements
or interpretations, which could not be planned as part of alterations
and/or renovations projects. Where the appropriate authority was
insisting on such changes being made at a time that did not fit
in with another project in the same building, the Task Force felt
that this could best be handled by special application for financial
assistance.

Three of the four remaining components - renovations, equipment
and furniture - required little justification for being included
in a formula allowance, since the basic purpose of cyclical renewal
is the periodic replacement of worn out components of physical
facilities which are beyond economic repair.

However, there were arguments for both exclusion and inclusion of
the alterations component. The main reasons why the Task Force
favoured including this component in the formula allowance were
as follows:-

(a) The need for alterations to accommodate changes in user
requirements during some stage of a building's life, is
highly predictable

(b) Many projects are mixtures of renovations and alterations,
and it would not be practical to cover the cost of part of a
project by formula, and part by a special non-formula allocation.
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(c) The combined allowance for four components would be larger
than one for three components only. This would provide a
larger total source of funds from which each university could
allocate portions to renovations, alterations and other
projects as it judged appropriate.

(d) Inclusion in the formula tends to ensure availability of funds
for alterations.

The main arguments against a formula allocation for alterations
appeared to be:-

(a) The timing, scope and cost of each alterations project are
highly unpredictable and hence not amenable to formula-type
assessment.

(b) There is no method of evaluating the allowance on the basis
of any rational assessment of future need (other than as an
extrapolation of past expenditures, the method adopted by
the Task Force)

(c) Alterations projects cater to changes in academic requirements,
which are in themselves unpredictable and subject to non-
forecastable pressures.

The above definitions of the components of cyclical renewal, can
apply irrespective of the source of funds. While maintenance, by
definition, is funded from operating funds, cyclical renewal projects
are normally carried out with capital funds. However, the Task
Force has heard of some sizable alterations and renovations projects
at one or more universities, funded.from operating funds. In any
data used in the assessment of the adequacy of the current 1%
allowance, such projects have been omitted.

However, in making projections of typical total life costs based
on actual costs for a number of buildings, all cyclical renewal
work must be included.

It should be pointed out that the word component as used in this
report, refers to a part of the total cyclical renewal cost. It

has been necessary to break this cost into these components for
purposes of definition, and evaluation of their individual costs.
It is not suggested that a component is necessarily synonymous
with the definition of a separate capital project for approval
purposes. It is expected that a typical cyclical renewal capital
project might include elements of most or all of the components.
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3. RENOVATIONS COMPONENT

The methodology used by the Task Force for this component, provides
a means of assessing the funds required annually for major repairs
to and the replacement of entire building elements
such as mechanical systems, roofing, etc. made necessary by
normal use and deterioration.

With this methodology, there are two approaches available, either
the ideal approach which would demand a study at a high level of
detail, or the simplified approach which was developed for this
interim study.

3.1 The Ideal Approach

The following model represents the analysis and calculations that
would have to be made in order for each university to arrive at
an appropriate figure, which takes into account all of the existing
differences between buildings, in terms of their age, original
cost, design, usage, etc.

Use an existing cost
analysis taken from
an elemental cost
breakdown of the

- Building A

Prepare an approx.
Building B quantities take-off

using available
University - Building C -.)---Building C drawings.

-Building D Prepare a detailed
quantities take - off.''

Substructure

Using one of these Structure

+- approaches, obtain an_o__\
elemental cost break- Horiz. structure
down of the building.

rExt. cladding

.Finishes Finishes

Etc.

[

Ceiling

+ -- Finishes --4-- Floor

Wall

Vinyl Life cycle -----4-

Grano Replacement cost - ;--- --

Carpet
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Life Cycle.

uAge

Use

Exposure

of component

m

Condition

Initial cost

say, 10 years left for existing
finish, plus replacement at 15
year intervals thereafter.

say $1000 during next
X years of building life,

t-

+- Replacement Cost.

Present

Removal cost

-Installation cost

If the above analysis is carried out for all building elements,
for the identical building life, the sum of such replacement costs
would represent the total renovations cost for that building. The
sum could be expressed as dollars per net assignable square foot
per year by applying the correct factors. The resulting cost
could be readily expressed as a percentage of the capital formula
allowance of $55 per net assignable square foot, in order to
compare it with the current cyclical renewal allowance.

It is obvious that the use of this ideal approach for establishing
a university or system-wide allowance, was impossible because of
the time necessary to look at each building at this level of detail.
However, the approach can, and should, be used for individual
buildings. The only step where judgement based on physical plant
experience is used (as distinct from readily established cost and

quantitieu data) is the one in which the remaining life and
replacement cycles are established.

In work carried out on behalf of the Task Force, this judgement
was provided only by experienced operating physical plant personnel.
It might also be possible to obtain knowledgeable and useful
inputs from contractors and sub-contractors, architects, engineers,
etc., in order to obtain a more rounded-out result. However,
lack of time precluded the use of these sources of data for this
aspect of this study.

3.2 The Simplified Approach

This approach provides a quicker result, but aggregates many,
varying buildings. The resulting percentage allowance is therefore
less reliable as an indicator for any given building, but is more
appropriate for use in judging the adequacy of the current allowance.
The required amount of judgement is about the same as in the ideal
approach, but it is applied to more composite elemental costs.
For example, the wall sub-element of the structure element may be
made up of some brick, some metal cladding, some precast concrete
panels, etc. The life cycle figure arrived at in any given
university on the basis of the judgement and experience of its
physical plant staff, would represent an intuitive or weighted
average for the mix of wall types existing only at that institution.
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The simplified approach uses elemental capital cost data, which
are generally readily available. Building Blocks Volume 4,
The Report of the Task Force on Building Costs, contains this
information for a number of buildings, in the required format.

The methodology can be summarized as follows: -

(a) an analysis is made of the average costs, expressed as
percentages of the total project costs, for the major elements
and sub-elements (sub structure, horizontal structural
elements, cladding, interior vertical elements, etc.) of a
selected number of buildings.

(b) each element and sub-element is examined to determine what
percentage of the element will need to be replaced during the
expected life of a building and at what age that percentage
will be replaced.

(c) from (a) and (b) above, a profile of major renovation costs
is built up, still expressing all costs in terms of percentages
of project cost.

(d) from the profile obtained in (c), average annual percentage
costs over each five or ten year interval of building life
are obtained.

(e) the average annual percentage costs can be converted to cost
per year per NASF using an appropriate unit cost factor
(currently $55 per NASF is used).

(f) finally, the needs of any one university in any one year can
be assessed from the known NASF and remaining life of each
building on the campus of that university.

This theoretical approach was necessitated by lack of data and
lack of time to obtain more data. In any case, only the older
universities .ould be at all likely to have any records on major
renovations. Table 6 which is on the following pages, shows the
results of step (a) for the six university buildings whose building
costs were analyzed in Building Blocks Volume 4. These are a
representative sample selected from more than 40 university buildings.
Physical plant staff at a number of universities were then asked to
carry out step (b) on a typical building which would represent the
construction norm for that campus. The percentage and age data from
each of the six universities carrying out this exercise, were then
applied to university average element and sub-element percentages
from Table 6. The summary results of this are displayed in Table 7
on page 2.11. Detailed comparisons for each element are available
at COU and !ICU.

It will be seen that the six results fall into two separate groups,
which indicate that this allowance should be either around 1% or
around 21/27, compared to the present l% for all components. It has
not been possible to explain this wide variation between the
otherwise very closely grouped results, on the basis of the age
of the campus. A factor that may help to explain this discrepancy,
could be each university's policy on the timing and accumulation of
such work. This has not been investigated.
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TABLE 6

ANALYSIS OF ELEMENTAL PERCENTAGES FOR THE SIX UNIVERSITY BUILDINGS*

Element/Sub-Element

Child
Study Law Crop
Centre Bldg. Sc.

Ottawa Windsor Guelph

Petrie
Sc.

York
Wat
M&C

Wet
Eng. Total

Univ.

Ave.

Indirect and General 9.0 9.1 8.5 8.5 9.1 7.5 51.7 8.6

Substructure 3.0 4.3 3.5 1.2 3.3 4.0 19.3 3.2

Normal Fdns. 1.0 1.1 2.0 0.3 2.3 3.6 10.3 1.7

Vasement Exc. 0.3 0.6 1.5 0.9 0.7 0.4 4.4 0.7

Special Fdns. 1.7 2.6 - - 0.3 4.6 0.8

Horizontal Struct.
Flwent 11.5 21.6 13.9 13.7 17.5 16.3 94.5 15.8

Slabs on grade 0.7 1.3 1.6 0.9 0.6 1.3 6.4 1.1

Floor & roof 9.6 17.5 10.9 10.8 15.7 13.1 77.6 12.9
Constr.

Roof finish 1.2 2.8 1.4 2.0 1.2 1.9 10.5 1.8

E ::terior Cladding 17.3 12.0 9.4 10.8 12,8 13.3 76.1 12.7

Walls below gd. 1.3 0.8 2.1 1.9 0.8 0.5 7.4 1.3

Walls above gd. 12.1 5.3 5.1 4.4 9.1 8.6 44.6 7.4

Windows 4.0 5.2
,

1.4 3.6 1.7 3.5 19.4 3.2

E: :t. doors 0.3 0.3 0.5 0.2 0.3 0.1 1.7 0.3

Projns. bales. 0.1 0.4 0.3 0.7 0.9 0.4 2.8, 0.5

Interior Vert. Elmts 6.8 7.0 4.3 7.9 8.6 7.1 41.7 7.0

Partitions 4.7 4.8 3.1 6.2 6.2 5.6 30.6 5.1

Folding Ptns. 0.4 1.0 0.2 0.1 0.2 0.2 '2.1 0.4

Doors 1.7 1.2 1.0 1.6 2.2 1.3 9.0 1.5

Multi- Storey Elmts. 4.2 2.9 1.6 2.3 3.1 1.6 15.7 2.6

Stairs 2.3 1.8 0.3 0.6 1.2 0.6 6.8 1.1

Catwalks - 0.1 0.1 0.1 0.2 0.5 0.1

712vntor Hoists 1.9 1.1 1.2 1.6 1.8 0.8 8.4 1.4

:Icalators - - - - - -

* Figures represent the size of each element and sub-element, expressed as a
percentage of total construction cost

Source: Building Blocks Volume 4
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Wat
M &C

Wat
En :. Total
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Univ.
Ave.

Law Crop
Bldg. Sc.

Windsor Guel h

Petrie
Sc.

York

Tntertor Finishes 9.3 9.8 4.9 4,2 7.3 5.3 40.3 6.8

finiJhes 3.6 3.7 1.6 1.2 2.8 2.3 15.2 2.5

Culling finishes 3.6 3.4 1.9 1.7 2.5 2.2 15.3 2,5

Vail finishes 2.1 2.7 1.3 1.2 2.0 0.8 10.1 1.7

Special finishes - - 0.1 0.1 - - 0.2 0.1

Fittgn. Fixt. Equip. 3.0 2.8 7.8 12.3 3.2 8.2 37.3 6.2

Von-Instruction 2.6 1.3 0.3 1.7 2.0 2.4 10.3 1.7

Instructional 0.4 1.5 7.5 10.6 1.2 5.8 27.0 4.5

Ci'h Allowances 2.6 1.6 0.9 1.8 2.5 1.8 11.2 1.9

Hardware 2.0 1.3 0.8 1.6 2.3 1.5 9.5 3.6
Tcating

Inspection 0.6 0.3 0.1 0.2 0.2 0.3 3.7 0.3

Plumbing & Drains 5.7 2.6 6.2 6.1 3.8 5.0 29.4 4.9

Roughing - in 2.7 2.0 1.5 1.4 2.3 1.5 11.4 1.9

Roughing 1.1 - 0.9 1.2 - 0.5 3.7 0.6

Plumbing Fixt. 1.0 0.5 0.3 0.2 0.8 0.3 3.1 0.5

Plumbing Fixt. 0.4 - 0.1. 0.1 0.1 0.7 0.3

Fire Protection 0.5 0.1 0.4 0.7 0.7 0.4 2.8 0.5

Special Serv. 3.0 2.5 2.1 7.6 1.:i

Heating, Vent.
Air Cond. 14.6 16.2 23.2 18.2 15.8 16.7 104.7 17.3

H.V.A.C. 14.6 16.2 14.5 13.8 14.0 14.5 87.6 14.5

Special Systems 8.7 4.4 1.8 2.2 17.1 2.8

Electrical 12.5 10.1 15.8 13.2 13.0 13.2 77.3 13.0

Transformer &
Wiring 1.6 2.8 6.2 1.7 2.9 1.1 16.3 2.7

Lighting &
Wiring 4.8 4.8 5.7 5.7 6.3 5.0 32.3 f.4

Underfloor Duct 0
System 0.5 0.6 1.6 0.6 3.3 0.6

S'ystems 6.1 2.5 3.4 5.2 2.2 6.5 23.9 4.3
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In summary, and using only the lower figure, it can be seen that
this approach suggests that the renovations component should be
in the order of 1%, which equals the current allowance for all
components.

Independently of this approach, the actual Law Building at Windsor
was processed in the same way, with a resulting figure of 1.1% for
the adjusted allowance based on $55 per NASF. (See Appendix 4)

On this basis, the Task Force concluded that a 1% allowance for
the renovations component, appeared to be reasonable,
pending the results of the assessment of a number of actual buildings.
This compares with the current 1% allowance for all components.
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4. ALTERATIONS COMPONENT

The object of the following analysisAs to assess the funds required
annually for remodelling to accommo4te user requirements
resulting from changes in occupancy, bse, academic requirements.
The Task Force found no theoretical approach to reach this objective
and decided that the best assessment p'odsible would be one based
on available and appropriate historical data.

Information on funds actually allocated to alterations could be
made readily available from data on individual projects in the
files of the Ministry of Colleges and Universities. However, this
source was not used, since it was found impossible, in most cases,
to break out of total project costs, the portion used for alterations.
The Task Force therefore requested specific data from esch university,
as noted in Appendix 3, Requests for data on funds spent by
Universities on Alterations (Cyclical Renewal) Projects.

The methodology adopted was as follows:-

(a) Establish the total dollar value of all (and only) alterations
projects (or of alterations portions of projects) per year for
a number of years, for each campus.

(h) Divide this annual amount by the total campus assignable square
footage applicable in that year, to obtain a figure for the
dollars per NASF per year, for a series of years, for each
campus.

(c) Obtain a university system-wide average per year

(d) Express this average, as a percentage of $55, in order to
compare the figure thus derived, with the current 1% allowance
for all cyclical renewal components.

Submissions of requested data were received from 11 of the 14
provincially-assisted universities in Ontario: Brock, Carleton,
Guelph, Laurentian, McMaster, Ottawa, Trent, Waterloo, Western,
Windsor, and York. The data covered the period from 1965 to 1972
approximately. The universities were requested, where necessary,
to estimate the portion of a total project cost which corresponded
with the stated definition of alterations, as opposed to the
remaining components such as renovations, alterations due to
changing building code requirements and so on.

The submission from Ottawa was not used in the analysis because
of an apparent lack of differentiation between the renovations and
alterations components. Universities found it difficult to indicate
the proportional expenditures, for a given project, allocated to
alterations versus the other components, but rather tended to
classify a project as either entirely one or the other. From
examination of the project descriptions, this approach generally
appeared to be suitable for our purposes, and the analysis only
includes the alterations projects.
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In the case of McMaster University, it was not possible to use
this approach. 33 of the 50 projects submitted by McMaster were
classified as wholly renovations projects. In terms of total
expenditures, these projects accounted for $1,364,413 of a total
of $2,618,182 spent through the period, or approximately 52%.
Needless to say, the omission of these projects, which probably
included some amount of alterations, should result in a downward
bias in the derived estimate of the allowance for the alterations
component of cyclical renewal. Throughout the exercise, this
approach was maintained. In view of the quality of data, it was
considered desirable to derive a minimum estimate for which a
reasonably high degree of confidence could be attached.

Table 8 on the following page presents a summary of the expenditures
per net assignable square foot on alterations projects for each
responding university through the period studied. Detailed
submissions and tabulations, which formed the basis for Table 3,
are available.* The figures provided in brackets indicate the
known additional expenditures from non-capital formula funds on
this component of cyclical renewal, where universities supplied
this information. As shown, the expenditures vary considerably
both among the universities and through time. While many submissions
identified certain periods as "unusual", it remains difficult from
examination of the data, to identify any period of normal activity.
For this reason, no attempt was made to smooth the data (i.e.
eliminate unusual points). Instead, an attempt was made to derive
an estimate of the allowance which might be deemed suitable at a
system level.

The total figures presented on Table 8 need some explanation. At
first glance, the figure for 1965, 0.36, appears low given the
high values assigned to Brock and Carleton. The reason for the
lower estimate at the system level is a result of the zero expenditures
at McMaster, Western and York. That is, the NASF of
these universities have been included in the denominator of the
ratio while no expenditures have been added to the numerator. This
is compatible with the concept that a system allowance should be
derived. The derived estimate would probably be inadequate for a
given university at a specific point in time. Only through the
long term could the allowance, if accumulated, be suitable for a
given university.

Figure 2 on page 2.16 is a graph of the expenditures per NASF for
alterations through the period examined. The solid line shows the
capital funded expenditures only and indicates a fairly steady
expenditure through the period. The dotted line indicates the
total expenditures, including operating fund projects. These
appear to have wider variations from year to year. On the basis
of total expenditures, an allowance between $.32 and $,39 i3
indicated as necessary to permit continuation in the future, of
past levels of expenditures on alterations. These figures ata
equivalent to 0.58% and 0.71% for this component alone, compared
to the present allowance of 1% for all components.

* in the offices of COU and MCU
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There are five final points to be made with regard to the derived
estimate. First, the allowance has been derived supposedly at a
system level, and yet Lakehead, Queen's and Toronto have been
omitted. The Task Force was unable to guess at the effect on the
results, if data from these three institutions had been included.

Secondly, the amount and costs of alterations, work cannot be discussed
without reference to users' requirements. In other words, this
study did not answer such questions as: would it have been
possible to spend less on alterations during the years 1965-1972,
if users had requested fewer office partitions, less laboratory
benching and utilities outlets, less rigid control on environmental
conditions, etc.? Such a study of users' requirements and their
justification is an enormous undertaking and might be the subject
of a future report.

Thirdly, this assessment was carried out during a period of
significant university expansion. The Task Force was not able to
identify what effects other conditions of growth or stability
would have on this component.

Fourthly, the reported costs of alterations included some furniture
and equipment in many cases. Since this report identifies and
recommends separate allowances for these, some reduction in the
calculated alterations component was necessary to eliminate these
costs. This has been done by reducing the figures by 13% to
0.51% and 0.62% since this is the percentage of total project cost
devoted to furniture and equipment when these are assessed as 15%
of the construction cost.

Finally, no account has been taken of escalation of construction
costs in the period 1965-1972. There was probably a $5% increase
in costs of new construction during that period. This means that
the alterations work carried out in 1965 would probably have cost
about 35% more in 1972 dollars than the actual figures used in the
analysis. This would make the results of our analysis lower than
they should be.

The Task Force has therefore concluded that an allowance for the
alterations component of 0.51% would be adequate, pending confirmation of an

appropriate figure through further review of alterations costs.
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5. EQUIPMENT COMPONENT

Purchases of teaching, scientific and research equipment can take
place in a number of circumstances, including the commissioning of
a new building, the introduction of a new academic program, the
start of a new research project, as well as the replaceMent of
worn out or obsolete equipment. It is difficult to separate from
the total cost of equipment purchases, those that are due only to
replacement of worn out and unrepairable equipment.

The Task Force attempted to arrive at a figure for an allowance
to cover this replacement in the following wayt-

(a) Analyze a list of equipment purchased for a specific new
building project, listing equipment by type and coat

(b) Using experience of purchasing department personnel, technicians,
equipment users, etc., assess the useful life of each piece
of equipment or type of equipment

(c) Assuming a building life of, say, 60 years, assess the total
cost of replacing each equipment or group of equipment'the
appropriate number of times during the building life

(d) Divide the sum of all the replacement costs in the 60 years
by 60 to arrive at an average annual dollar requirement

(e) Express this as a percentage of the initial cost, and compare
the result with the current cyclical renewal allowance of 1%

It should be noted that the average annual dollar requirement for
a given building has little significance on its own and should only
be used in conjunction with similar figures for a number of other
buildings at different stages in their replacement cycles, since
there is little replacement likely in the first few years.

The above analysis was carried out on the following buildings, with
the average annual replacement allowance as noted.

Building
Av. Annual %
Replacement

Faculty of Law, University of Windsor 2.8

University Library, University of Windsor 16.0

Mathematics Bldg., University of Windsor 17.6

St. Patrick's College, Carleton University 14.0

School of Architecture, Carleton University 14.3

Arts 1, Carleton University 13.3

The source for these data is on file at COU and MCU.

It has not been found possible to explain the low figure obtained
for (he taw Building, which does not fit into the pattern of results
obtained from the rest of this group of buildings. Because of this
discrepancy, the Task Fotce decided to discard the percentage, until
such time as results from a large number of such analyses demonstrated
the complete range of values.
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In order to compare these percentage figures with the cyclical
renewal allowance, the equipment replacement percentages must be
factored by a percentage representing a percentage that equipment
purchases form of total project costs. This varies considerably,
as noted in the M.C.U. publication "University Buildings Space/
Cost Data". No firm figures are available for equipment alone,
but equipment and furniture together can be assumed to vary between
approximately 15 and 18%. A separate analysis of actual expenditures
on furniture and equipment at the University of Guelph during its
period of major expansion of both lightly serviced and heavily
serviced buildings, shows that approximately 6% of total project
expenditures were devoted to equipmentt

Applying this factor to the percentages noted above indicates that
the cyclical renewal allowance for the equipment replacement component
would lie somewhere between 0.80% and 1.06% compared to the 1% for
all components.

A number of qualifications must be noted concerning the validity
of this analysis, as follows:-

(a) The analysis assumes that all equipment remains in use and
is in fact, replaced at the stated intervals. This assumption
is certainly open to question since a tour of many university
buildings will quickly bring to light many items of equipment
which have been patched up or are obviously old and beyond
their useful life.

(b) The analysis does not, take into account the effect of new
equipment purchased at the time that renovations and/or
alteration projects are carried out in the building. Such
equipment may well replace existing worn out equipment, as
well as providing equipment of a new type or function.

(c) Since no historical data is available on actual experience of
the replacement of equipment due to use and obsolescence, we
have had to utilize the judgement of purchasing departments
and technical staffs. It could well be argued that a certain
amount of "wishful thinking" is included in the equipment life
cycles established in this way.

(d) Salvage value, if any, has not been taken into consideration,
because of lack of data.

The net effect of these four qualifications is obviously to reduce
the calculated percentage figures.

Bearing in mind the above considerations, the Task Forceconcluded
that an interim allowance of 0.$0% would be adequate for this
component. This figure is at the low end of the range, but further
analysis should be carried out to confirm a more permanent allowance.

* figures are on file at COU and MCU
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It should be noted that the cost of equipment (and furniture) is
usually included in the total project cost of renovations and/or
alterations projects. The Task Force has avoided any possible
duplication of allowances. The renovations component methodology
excludes consideration of furniture or equipment. The alterations
component has been factored to eliminate such costa.

The Task Force has analyzed the costs of equipment replacement
from the viewpoint of total life costs, since this has been its
main concern. It is acknowledged that this increases the suggested
size of an adequate allowance for this component of cyclical renewal
costs, over that which would be adequate for equipment covered by
a literal interpretation of the current provincial policy in this
matter. This is contained in a letter dated March 26, 1968 from
the then Deputy Minister of University Affairs to all university
presidents. On page 6, included in a list of definitions of
projects eligible for capital support, is the following:

"Cost of initial furniture, furnishings and equipment, when invoiced
within twelve months of substantial completion of a new building,
or an addition to an existing building or completion of a new
space which becomes available as a result of the renovation or
alteration of an existing building or unused space in a new
building".

It is clear from this that, in the past, capital support for equipment
has been based on its need for new, renovated or altered space, not on
its need to replace obsolete or worn out equipment per se.
However, in practise, it would not be possible to differentiate,
in the case of individual, provincially approved renovations/
alterations projects, between these two categories of need. In
many instances, a piece of new equipment might well meet both
needs.

It would be logical to suggest that equipment be treated in the
same way, say, as a building roof, and that its replacement at
the end of its useful life (e.g. when no longer economically
repairable) be treated in the same way as the replacement of the
roof, which is covered by capital support. It follows that an
appropriate adjustment should also be made to the operating funds
formula, which implicitly or explicitly, now provides for such
replacement.

The Task Force has not assessed the cost of equipment replacement
which occurs only for reasons of obsolescence and which is not
in practise combined with the need for initial equipping of
renovated or altered space.
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6. FURNITURE COMPONENT

In the absence of historical data covering costs of replacement of
furniture which is worn out and beyond repair, the Task Force
decided to establish a theoretical allowance for such replacement
using methodology similar to that developed for the equipment
replacement component, as described in the previous section.

A number of buildings were analyzed in this fashion, with the
following results:-

Av. Annual %
Building Replacement

Faculty of Law, University of Windsor 5.9

University Library, University of t)pdsor 5.5

Mathematics Bldg.) University of Windsor 6.2

St. Patrick's College, Carleton University 8.4

School of Architecture, Carleton University 10.5

Arts 1, Carleton University 7.0

Petrie Science, York University 7.4

The source for these data is on file at COU and MCU.

The University of Guelph analysis, already referred to for equipment,
indicates that furniture is slightly above 6% of total project costs.
On this basis, the above percentages can be translated to be between
.36% and a high of .63% compared to the current 1% for all components.

Qualifications similar to those described for equipment, including
the comments on replacement for obsolescence, apply to furniture,

The Task Force concluded that an interim allowance of 0.36% would be
adequate for the furniture component, pending the results of.analyzing
many more buildings by this method.
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7. CONCLUSIONS AND RECOMMENDATIONS

7.1 Conclusions

The following conclusions have been drawn from the foregoing
assessment of the various components of cyclical renewal.

Conclusion No. 1

The Task Force has found that it is possible to estimate the costs
of the components of cyclical renewal on the basis of technical
considerations, but that the validity of the results of the estimation
process varied between the components. This is due to the lack of
time to obtain more data and do more case studies, and unavailability
of relevant data, in some areas.

Conclusion No. 2

The assessment method for the renovations component can easily be
refined and made more valid, by increasing the number of actual
buildings analyzed in this method. Building up a body of data based
on actual buildings is considered to be more valid than the approach
adopted by the six universities assessing this component on the
basis of a theoretical and composite building.

Conclusion No. 3

For the alterations component, the Task Force has attempted to
arrive at an estimate of an adequate cost allowance on the basis
of actual costs allocated to this component by Ontario universities
in recent years. The Task Force considered this approach the best
one possible at this time, but realized that the results can be
questioned on three grounds as follows:-

(a) Not all Ontario universities responded to the survey in which
the evaluation of an allowance was based

(b) It is difficult to separate out realistically, the alterations
costs in many projects from those costs more attributable to
renovations and code requirements

(c) The amount of money actually spent by universities on
alterations work has been significantly influenced by the
general economic situation, the rapid growth in the amount of
new space available, total funds allocated by the province to
universities in general, and to a number of other non-technical
factors.

Conclusion No. 4

Subject to the qualifications toted in the discussion of the
assessment process, the average r.nnual replacement costs for
equipment and furniture are indicative of the level of allocation
that should be made in order that these resources be maintained
at an adequate level of semice.
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Conclusion No. 5

The Task Force has found that the combined costa of the components
appears to be between approximaOly-217% and 4.7% and that the
current 1% allowance appeared therefore to be insufficient.

This is based on the following component allowances for each of
which the low and high value resulting from the assessment method,
are provided.

Low High

Renovations 1.00% 2.50%

Alterations .51 .62

Equipment, replacement .80 1.06

Furniture replacement .36 .50

Total for components 2.67% 4.68%

Conclusion No. 6

The percentage allowances noted in Conclusion No. 5 are adequate to
ensure a normal life for a mix of buildings in the future, but assume
that they are already at a relatively acceptable standard. The Task
Force did not study the adequacy of the age-quality discount for
bringing old, unrenovated buildings up to this standard.

Conclusion No. 7

The Task Force did not find in the bibliography any reference to an
analysis of cyclical renewal along the lines that has been attempted
or of a comprehensive figure for a suitable annual allowance for such
costs. This is understandable, since universities have only recently
been faced with a formula allowance for such work. In contrast, the
owners of commercial office buildings would generally not be involved
with recovering the costs of alterations and furniture and equipment
replacement since these are tenant costs. It is possible that major
repair or renovation costs have been published for such buildings
and this might be a suitable investigation as part of any further
work done on the subject of cyclical renewal.

Conclusion No. 8

The analysis of cyclical renewal allowances was aimed at evaluating
an adequate % figure for use in the current capital formula which is
used to assess a university's entitlement for future cyclical renewal
funds. ---No- conclusions from this work on the validity of
the formula method itself, or of the advantages of tiny other methods
of evaluating funds required or to be made available.

Conclusion No.

Universities are concerned with the total dollars available to them
for cyclical renewal. This amount is affected not only by the
percentage allowance, but also by the value attributed to the space
inventory, and the inventory base used in the formula. All factors

will require assessment from time to time, if universities are to
be enabled to maintain their present apace, which is valued at
about $1 billion in the current formula.
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Conclusion No. 10

The adopted methodology relates to all the elements and contents
of actual buildings and the findings on cyclical renewal formula
allowances.apply to the whole building. It would not be logical
to apply these allowances to the building, after its valuation
base has been reduced by the one time age-Oality dis'count.

Conclusion No. 11

In terms of the general applicability of the adopted approach to
cyclical renewal, the Task Force concluded that the concept of
one composite percentage allowance was valid for the Ontario
university system irrespective of the age spectrum of each campus.

It could be argued that an "old" campus required more cyclical
funds per NASF, than did a new campus having no building older
than 7-10 years. However, the Task Force interpreted the age-
quality discount applied to the actual space inventory, as
representing a one-time allowance or generator of funds entitlement,
whose purpose was to enable old buildings to be brought up to
some acceptable standard of accommodation and utilization. From
then on, the cyclical renewal allowance would be designed, and
should be sized, to generally maintain this standard over the
long term. Thus the actual age of buildings on a given campus
is irrelevant to the assessment of a cyclical renewal allowance
for that campus, provided that the capital formula also included
the age-quality discount mechanism.

While buildings are still new (say less than 10 years old), the
Task Force acknowledges that there should be no need for major
replacement or renovation, and little alteration. However, it
should not therefore be concluded that cyclical renewal allowances
are not required in the early years. The methodology adopted by
the Task Force averages costs occurring at intervals of, say, 10
or 20 years, over each year of the building life. Thus, entitlement
would be generated in the early years (though funds not necessarily
spent) to permit a sizable expenditure in, say, the 10th or 20th
year.

7.2 Recommendations

On the basis of the above conclusions, the Task Force makes the
following recommendations on the subject of cyclical renewal.

Recommendation No. 1

For the purposes of the capital formula, the term cyclical renewal
should cover the four components - renovations, alterations,
equipment and furniture - as defined in this report.

Recommendation No. 2

The methodology employed by the Task Force should be used as a
basis for the derivation of an appropriate allowance for cyclical
renewal.
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Recommendation No. 3

On the basis of the conclusions drawn from the data and methodology
used by the Task Force, consideration should be given to increasing
the current allowance for cyclical renewal.

Recommendation No. 4

MCU policy regarding the funding of equipment and furniture
replacement for reasons of obsolescence should be changed, to
include this under the conditions of the capital formula, with
appropriate modification to the operating formula.

Recommendation No.5

There should be annual reassessments of the values of all the
parameters used in the cyclical renewal entitlement calculations,
i.e. the.percentage allowance and the dollar per square foot
allowance, in order that the universities can properly maintain
their facilities in the face of general price increases.

Recommendation No. 6

All universities should be urged by the Council of Ontario Universities
and the Ministry of Colleges and Universities to devote sufficient
time and money to derive a more detailed analysis of the cost of
the components identified by the Task Force and particularly to
a more detailed analysis of alterations costs.

Recommendation No. 7

A further task force including a membership drawn from the
universities, the colleges, and the Ministry be established in
order to carry out more investigations of cyclical renewal costs
particularly the study of more actual buildinps in order to better assess
renovations, equipment and furniture replacements, and the necessary
modification resulting from Recommendation No. 4.

Recommendation No. 8

The cyclical renewal allowance should apply to the entire space
inventory of an institution including leased space, albeit at a
reduced level0 The appropriate reduction in the level of the
allowance for leased space should be a subject for study by the
Task Force referred to above.

Recommendation No. 9

Projects involving only the code component should be reviewed and
approved by the Ministry on a project by project basis outside the
cyclical renewal formula. It is to be expected that in most cases
such work would be made part of a project involving other alterations
and/or renovations.

* Excluding residential space
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Recommendation No. 10

The cyclical renewal formula should not include reference to the
demolition of buildings. This should be handled by an appropriate
reduction in the university's allocation inventory.
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PROPOSAL FOR PILOT STUDY INTO LIFE COSTS OF BUILDINGS AND THEIR RELATIONSHIPS

TO INITIAL CONSTRUCTION COSTS

1. Background

During the past several years, a number of studies have been carried

out within the Ontario University system in the general area of capital

facilities. These studies have aimed at establishing what are the

appropriate capital facilities required by the system for proper

functioning and at ensuring the most effective utilization of the

financial resources allocated to the provision of these facilities.

Examples of such studies that have already been completed, include the:

- Ontario Universities Physical Resources Survey (Taylor, Lieberfeld

and Heldman study)

- University Buildings Space/Cost Data (Ministry of Colleges and

Universities report)

- Building Blocks, Volume 4 - Report of the Task Force on Building

Costs (Council of Ontario Universities)

Despite the wide scope of this completed work, and the Citrrent restriction

on the construction of new facilities, there remain areas where further

study and understanding of initial and life costs of buildings will be

of help to all segments of the University system. Both the Universities,

through C.O.U., and the Ministry of Colleges and Universities have

suggested more detailed areas of study in this general topic. These

studies would aim to provide information which will: -

(a) assist universities to obtain maximum economic utilization from

the present facilities

(b) assist in making policy decisions concerning the moat efficient

way of providing future physical facilities



Appendix 1, Page 2

It is in this context of several but related studies, that this proposal

is made for a pilot study into life costs of buildings and their

relationships to initial construction costs.

2. Introduction

This proposal has been prepared by a Task Force, consisting of members

of the Ontario Association of Physical Plant and Planning Administrators,

and reprezcntatives from the Ministry of Colleges and Universities.

The proposal responds to a request from the Council of Ontario Universities

and its Committee on Capital Financing, which arose,from the review

by C.O.U. of the report "Building Blocks, Volume 4 - Building Costs"

and, in particular, from Recommendation 5:

"The second phase of the study should he immediately implemented

to include the study of life costs, including costs of maintenance,

operations and change, and to analyse the validity of programmatic

needs that result in higher design requirements and higher cost

elements for buildings."

The study would also provide answers to some of the questions raised

in the document "Building Life Cost Study Outline", attached to this

proposal for information. This was tabled by M.C.U. at a meeting of the

Joint C.O.U./C.U.A. Sub committee on Capital Support on December 4, 1972.

These are the question, in the document relating to existing facilities,

and their life costs of operation, systems replacement and change of use.

The members of the Task Force felt that these were priority matters,
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while the other matters raised in the M.O.D. outline (which relate to

future physical facilities) could be left until the completion of the

currently proposed work.

The Task Force has met on four occasions (October 24, November 13,

November 22, December 19) to consider this and closely related matters

and to nrepare this proposal.

3. Feasibility of Study into Life Costs of Buildings

In their discussions on the various aspects of the proposed study, it became

evident to the Task Force that exploratory work should be carried out before

a proposal for a full scale study into life costs of buildings could be

prepared. Also resources such as the time of the Task Force members or funds
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for consulting services, could only be committed effectively after some

further investigation.

Among the reasons for recommending a pilot study before commencing a full

scale study, were the following:

(a) the problems involved in acquiring the necessary data were not

fully clear

(b) definitions of life costs must be agreed and then tested for

practicability against probable information availability

(c) little prior work in this area of study appears to be available

(d) it would not be possible to reliably assess the cost and duration

of the full scale study, with only presently available information

The Task Force has therefore agreed that only limited studies should be

carried out initially, restricted to establishing the feasibility of more

comprehensive studies.

The remainder of this document relates to this pilot study, rather than to

a comprehensive study.

4. Objectives of A Pilot Study

The essential objective of this study is to evaluate the detailed problems

and costs of carrying out an extensive study of the life costs of buildings

and their relationships to initial building costs. This evaluation can be

done, it is felt, on the basis of relevant information derived from an

in-depth analysis of one carefully selected building and of a small number

of selected life cost elements for several buildings.
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There are two distinct phases in this pilot study, one relating to

. definitions and data analysis (Phase A) and one dealing with the problems

of comparability and justification (Phase B). In more detail, the

objectives of these two parts of the study are as follows:

Phase A

1. To define the "life costs" of a building.

2. To establish the potential difficulties in obtaining reliable data

on life costs for an individual building.

3. To gain an understanding of, and develop a methodology for measuring

and analyzing, the relationship of life costs of a building to its

original construction cost.

Phase B

To compare for two or more buildings:

1. One or more selected items of life costs, and,

2. the construction cost of those building elements which have

significant effect on these life cost items

in order to establish the nature of the justification or particular building

element designs.

5. Methodology

It is proposed to proceed as follows:

(a) Review of literature

Phase A

(b) selection of building:

(i) establish desirable characteristics of selected building

(ii) make selection



Appendix 1, Page 6

(c) Prepare comprehensive definition of "life costs" and identify

measurable and/or significant elements of life costs.

(d) Make qualitative assessment of probable relationship between each

element of building design and each element of life cost.

(a) Obtain readily available data on annual operating and maintenace
A

costs.

(f) Arrange for necessary analyses, estimates, studies, checks, etc.

to obtain remaining items of life costs on annual or other basis.

(g) Analyze life cost data and make necessary assumptions, calculations

and extrapolations, etc., in order to arrive at life cost.

Phase B

(h) Selection of buildings to be compared:

(1) establish desirable characteristics of selected buildings

(ii) establish number of buildings to be used in feasibility study

(iii) make selection

(i) Selection of life cost elements to be compared:

(i) establish desirable characteristics

(ii) make selection of life cost items

(j) Obtain data on selected life cost elements for selected buildings and

relate to appropriate building design element by both description and

cost. V
(k) Establish specific options in buildint design available to the designer

and assess likely changes in life cot element if these options had been

used, other things remaining equal.

(1) Evaluate justification for actual des .gn r ement used.

Phase A and B Combined

(m) Draw conclusions and make recommendations on:

(i) Comprehensive study of life costs

(ii) Methodology to be used for such a study
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6. Organization for Pilot Study

It is proposed to carry out this study with the following groups and

personnel:

(a) Four members of OAPPPA, one of whom acts as Chairman of the Study.

(b) One representative of the C.O.U. Committee on Capital Finance.

(c) A member of the C.O.U. Secretariat, acting as Secretary of the Study.

(d) Hanscomb Roy Associates, as consultants in building costs and quantity

surveying.

(e) Representative from the Ministry of Colleges and Universities.

A more detailed list of proposed responsibilities is attached.
1

7. Cost of Study

Travelling costs for the non-consulting members of the Task Force are borne

by the Universities themselves. The costs of typing, printing and binding

the report are nominal and will be paid for by C.O.U.

The only significant item of cost are the fees and expenses of the

consultant. Based on a careful analysis of their role and specific

responsibilities, these costs are estimated at $12,825.00,as described in

the attached submission from Hanscomb Roy Associates, which this Proposal

recommends be accepted.

8. Duration

It is expected that a final draft report of the study would be available

for submission to the Committee on Capital Finance in the spring of 1973.

November 23, 1972.
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Responsibilities

The following are suggested responsibilities for the various members of the
Task Force.

Task Force Members

Review and approve objectives, methodology and schedule Of study.
Review and approve final selection of buildings and cost elements.
Review and approve necessary definitions.
Organize procurement of information on University buildings.
Arrange for visits by Task Force and consultants to campuses, as necessary.
Visit each subject building at least once to survey the buildings.
Assist consultant in analyzing and understanding life costs.
Supervise work of consultants,
Provide material for final report, as discussed and agreed.
Review and approve final report.

Chairman

Coordinate activities of the Task Force.
Provide primary contact for consultants and C.O.U. representative.
Arrange for meetings and prepare agendas.
Edit final report for review and approval of Task Force.
Coordinate communications relating to the Study.
Review progress against agreed schedule and initiate corrective action,
where appropriate.

Consultants

Assist Task Force in developing methodology.
Assist Task Force in selection of University and non-university buildings
and life cost elements.

Prepare component descriptions related to cost elements.
Visit each subject building and discuss life cost data with University

representatives.
Perform cost analysis and comparison of building cost elements and life cost
elements on a maximum of four buildings and two elements.

Prepare draft summary and commentary on analysis and comparison.
Assist Task Force in preparation of report.

Representative from C.C.F.

Assist Task Force in its activities.
Liaise with C.C.F.

C.O.U. Representative

Assist Task Force in its activities.
Prepare and circulate minutes.
Arrange for clerical assistance.
Liaise with C.O.U. research staff.
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REODFSTS FOR DATA ON ALTFRATToNS EXPENDITURES

The responses to these requests are on file at the
Council of Ontario Universities and the Ministry of
Colleges and Universities, Capital Support Branch
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AREA CODE 311 $24.4120

December 28, 1972.

Initial responses to my letter of November 27, 1972 have included
queries from several universities concerning the inclusion or exclusion
of data on alterations projects funded from operating budgets. Your
Task Force has discussed this matter and it has been agreed that such projects
should be included, but shown separately, in the information previously
requested on the costs of alterations projects.

Specifically, the Task Force requests your further assistance as
follows:

I) For as many of the previous years as possible, up to five,
provide a total dollar amount for each year, covering the
total cost of alterations funded from operating budgets or
sources other than M.C.U. capital grants,as defined under
components 2 and 3 of cyclical renewal in the material
attached to the November 27 letter. If necessary, eliminate
on an estimated basis, any significant amounts included for
renovation components of the projects. Do not include projects
which were entirely renovations (component 1 of cyclical renewal).

2) For each year, provide a list of all projects included in the
annual amount, showing for each project:

- a code number or abbreviated name, of no current significance
to the Task Force but which would enable the Task Force to
identify to you certain projects for detailed analysis at a
later time.

- the dollar amount of the alterations work.

2
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Cyclical Renewal, coned. December 28, 1972.

3) There are no minimum or maximum values to projects to be listed.

It would be appreciated if this information could be submitted to
Mr. John Long at C.O.D. not later than January 21, 1973. The reason for
this timing is that we are looking for information which might reinforce
a claim for more cyclical renewal funds, to be made by the Join Sub-Committee
on Capital Finance to the Government, prior to the finalizing of decisions
relating to the 1973-74 financial year.

HG:dh

Your information will again be most helpful.

Yours very truly,

H. Graupner, P.Eng,
Assistant Director of Physical
Resources, Planning.



UNIVERSITY OF GUELPH GUELPH ONTARIO CANADA
N1G 2W1

November 27, 1972

Re: Cyclical Renewal

Dear Mr.
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AREA CODE SII .24.4120

As Chairman of the joint C.O.U. /O.A.P.P.P.A. Task Force on
Cyclical Renewal and Life Costs, I am writing to request your assistance
in a study of cyclical renewal. In view of the freeze on new construction
at Universities, which has just been announced by the Minister of
Colleges and Universities, the Task Force feels that it is more important
than ever before that universities should be able to make "more
intensive use of existing facilities" (the ninister's words), by
renovating or altering buildings, where appropriate.

Among the objectives of this Task Force are the preparation
of a definition for the various components of cyclical renewal and the
establishment of a formula for an allowance to adequately cover their
cost. To this end, preliminary statements and methodologies have been
prepared and these are being distributed to each university with this
letter. The enclosures consist of:

1. A statement entitled "Cyclical Renewal", dated November 22, 1972
(page 1-5).

2. Descriptive material showing proposed methodologies for assessing
costs of components one and two of the suggested definition for
cyclical renewal (pages 6-28).

Your assistance as follows would be appreciated by the Task
Force:

1. Submit any comments of a general nature on the attached documents,
particularly on the proposed methodologies. Regarding definitions,
you will see that the definition now proposed is similar to the
one proposed last year by Mr. Lobban. Comments on that were
mailed by Mr. Lobban to all universities and discussed at a special

Continued
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November 27, 1972,

meeting at the Skyline Hotel, Toronto, on January 13, 1972.

2. Provide the data for your university, equivalent to tables 3, 4,
5 (pages 17, 18, 19). These tables essentially relate the size of
the university (in net assignable square feet) in a given year, to
the total cost of alteration projects during that year for each
year of as long a period as can be obtained from your records.
Do not include purely renovation projects, i.e. those which do not
include any work on alteration or remodelling for changes in
occupancy, use, methodology or technology.

For each project included in your table 3, please complete
a copy of the balnk form on page 28. An example of the use of this
form, is on page 22.

Your comments and data should be sent to:

Mr. John Long
Secretary
Task Force on Cyclical Renewal and Life Costs
Council of Ontario Universities
102 Bloor Street West
TORONTO 181, Ontario

by January 2, 1972.

HG:mw

enc

Your assistance will be very much appreciated.

Yours very truly,

H. Graupner, P.Eng.
Assistant Director of Physical Resources
Planning
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CYCLICAL RENEWAL

The introduction of the Interim Capital Formula in 1969 came

at the end of a decade in which enrolments had been rising steadily and

rapidly. The main thrust of the formula was therefore directed toward

providing additional new space to accommodate increased numbers of

students and toward meeting concomitant requirements for site acqui4i-

tion and development.

In 1970 and 1971 the Interim Formula was revised to take some

account of the age and quality of buildings - the age-quality allowance -

and the need to remodel and renovate buildings - the cyclical renewal

allowance. These were important innovations but in a time of increasing

enrolment they were regarded as secondary features of the formula, some-

what preliminary in nature and based on rather gross assumptions.

As enrolment levels off these secondary features become all

important The cyclical renewal allowance provides the only continuing

source of capital funds for keeping the physical plant in good repair

and for remodelling to suit changes in use made necessary by enrolment

shifts And changing methodology and technology.

This paper will raise questions about the purpose, definition

and scope of cyclical renewal, indicate the urgent need for furt,er

study, outline possible methodologies for dealing with some components

of cyclical renewal and suggest some matters requiring prompt decisions.

It is intended to serve also as an introduction to the detailed descrip-

tion of a methodology developed at Carleton University for estimating the

funds needed to handle the first two components of cyclical renewal in

the list which follows. In addition, it will introduce the request for

comment and the volunteering of relevant data going out to the Ontario

universities and MCU.

Definition and Scope

A precise definition of the cost elements intended to be

covered by the cyclical renewal allowance in the present Interim Formula

seems not to have been made. Various suggestions have been offered as

to the coverage of cyclical renewal including some or all of the following:



1) major repairs to and replacement of building subsystems
or elements such as interior finishes, roof, lighting,

etc. made necessary by normal use and deterioration,

2) alterations or ,:emodelling made necessary by changes in
occupancy, use, methodology or technology,

alterations or remodelling made necessary by changing code
requirements such as those covering fire and animal care,

4) replacement of major non-building equipment such as
audio-visual equipment and instructional equipment in

scientific and other special purpose laboratories or spaces,

5) replacement of furniture,

6) replacement of outmoded buildings.

In discussions to date some have favoured a narrow interpre-

tation of cyclical renewal, restricted to the first element mentioned

above, and the addition of new allowances to the capital formula to

cover the remaining cost elements. Others have argued that cyclical

renewal should be given the broadest interpretation possible so as to

keep the number of allowances in the capital formula to a minimum and

thereby maintain the maximum flexibility for the recipients of the funds

the universities.

The Committee on Capital Financing asked a small group of OAPPPA

members ,to consider problems related to cyclical renewal and to come

forward with proposals for studying them. This group met on October

24th and concluded .):hat the scope of cyclical renewal should be specified

as set out below.

The cyclical xenewal allowance should provide funds adequate

to cover all costs related to the provision of physical facilities ex-

cept the following:

(a) new facilities made necessary by increased enrolment,
i.e. overall university enrolment,

(b) site acquisition and other costs presently covered by
the non-formula portion of the Interim Formula,

(e) normal maintenance including minor repairs. Preliminary
attempts have already been made by OAPPPA to define the
scope of normal maintenance.
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Each of the possible components of cyclical renewal listed on

page 2 will now be considered in turn.

1) Major Repairs to and Replacement of Building Elements
or Subsystems.

A methodology for assessing the funds required to meet the

needs arising from this component of cyclical renewal follows logically

from the procedure used in the COU cost study and described in Building

Blocks, Volume 4. In brief it goes somewhat as follows:

(a) an analysis can be t'ade of the average costs, expressed
as percentages of the total project costs, for the major

elements and sub-elements (substructure, horizontal structural
elements, cladding, interior vertical elements, etc.) of
buildings.

(b) each element and subelement can be examined to determine
what percentage of the element will need to be replaced

during the economic life of a building and at what age that
percentage will be replaced. (Studies of life costs would
be most helpful in aiding this determination).

(c) from (a) and (b) above a profile of major repair and
replacement costs can be built up still expressing all

costs in terms of percentages of project cost;

(d) from the profile obtaiTAed in (c) average annual per-
centage costs over each five or ten year interval of

building life can be obtained;

(e) the average annual percentage costs can be converted to
cost per year per NASF using an appropriate unit cost

factor (currently $55 per NASF is used);

(f) finally, the needs of any one university in any ona year
can be assessed from the known NASF and age of each

building on the campus of that university.

2) Alterations and Remodelling Due to Changes in Occupancy, Use,
Methodology or Technology.

An assessment of the funds needed for this can be made on the

basis of historical data obtained from the files on projects submitted

to MCU for approval. It would be necessary to estimate the proportions

of each project properly belonging within this component. The amount

spent each year could then be related to the total space available on

campus that year and a cost per year per NASF could he derived. Finally,

the figures for each year could be averaged to obtain an overall average.
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3) Alterations or Remodelling Due to Changes in Fire, Animal Care
or Other Codes.

The funds needed for this purpose are quite unpredictable.

The most reasonable approach would be to apply for funds on a project-

by-project basis, each application being supported by a statement from

the appropriate official in the agency having jurisdiction.

4) Replacement of Major Non-Building Equipment

The problems arising under this category are fairly obvious

and relate primarily to assessing the economic life of equipment of

various kinds. The current unit cost allowance of $55 is expected to

cover furniture and equipment, indicating that these are to be regarded

as capital costs, hence it would seem logical to derive an allowance

for this component of cyclical renewal.

5) Replacement of Furniture

This component could be treated as an element of the building

and included in the methodology for component number 1. Furniture

constitutes a considerable percentage of total project cost and because

of its relatively short life it is likely to be a significant component

of cyclical renewal.

6) Replacement of Outmoded Buildings.

When a building reaches the end of its useful life and demolition

and replacement are indicated it would seem logical that an application

should be made to MCU for a reduction in allocation inventory equal to the

area of the building to be demolished. This would increase entitlement

by the building area times the appropriate dollar allowance. A similar

procedure might be used where the structure of a building is to be re-

tained but the interior must be gutted and completely rebuilt resulting

in costs almost equal to those of demolition and replacement.

Concluding Remarks

The current method of generating cyclical renewal is based

on a percentage of the allocation inventory plus a percentage of the

cumulative cash flow. This approximates an allowance of 55C per NASF

per year at the present rate of 1 percent allowance and a unit cost of

855 per NASF. It would be logical that a revised allowance should
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relate back to the allocation inventory and the cumulative cash flow.

This should be kept in mind in developing any new methodology.

Several detailed but quick studies have been done by indivi-

dual universities to derive a reasonable figure for cyclical renewal.

The findings must be regarded as preliminary and approximate only, but

the indications are that the present allowance of 1 percent is not

adequate to cover even the first two components of cyclical renewal

listed in this paper let alone most or all of them.

In view of the current uncertainties relating to cyclical

renewal and the difficult financial situation of a number of universities

it would seem that early decisions are required with respect to the

following:

1) the scope of cyclical renewal and the precise
definition of the components to be included,

2) the initiation of further studies aimed at developing
methodologies for the assessment of the funds needed
for each of the components of cyclical renewal,

3) a device for making funds for cyclical renewal
available to universities currently in a negative
entitlement situation and likely to remain in such
a situation for some time into the future,

) an increase from the current one percent allowance
for cyclical renewal.

November 22, 1972.
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This mlthodology provides a means of assessinS the funds required
annually for major repairs to and revlaccment: of 61.1.aing sub-.... ..
sysLems elements such as iritorior ?intsRes, roots, 114-,,Rtin, oEc.

made necessary by normal use and deterioration.

Using the same wthodology, there aro two approaches available, either
the ideal approo'Ch which demands a study at a high level of detail, or
the proposed approach which has been developed because of the time
available.

The Ideal Approach

University >

Building A

-Building B

-Building C

" Building D

Use an existin
cost analysis
taken from an
elemental cost
breakdown of the
building.

~Prepare an approx.
Bu

ilding C
quantities take-
off using available
drawings.

Prepare a detailed
quantity take-off.

Substructure

Using either of these Structure
'approaches, obtain an

Horiz-structure
elemental cost break------4---
down of the building. Ext. Cladding

Finishes > Finishes

Etc..

Ceiling Vinyl

11-

>

--4 > Floor Grano

Wall Carpet

Age of component

Economic Life
Use
Exposure
Present Condition

Initial Cost
Replacement Cost > Interest Rate

Discount Rate

Economic Life

Replacement Cost--.).---

= say 15 years

say $1,000.
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TABLE ONE

ANALYSIS OF ELEMENTAL PERCENTAGES FOR THE SIX UNIVERSITY BUILDINGS

Element/Sub Element C.S.C. Law
Bldg.

Guelph York Wat

N &C

Wat
Eng.

Tot. .1. Univ.
Ave.

Non
Univ.

Ave.

Indirect and General 9.0 9.1 8.5 8.5 9.1 7.5 51.7 6 8.6 7.0

Substructure 3.0 4.3 3.5 1.2 3.3 4.0 19.3 6 3.2 1.8

Normal Fdns. 1.0 1.1 2.0 0.3 2.3 3.6 10.3 6 1.7

Basement Exc. 0.3 0.6 1.5 0.9 0.7 0.4 4.4 6 0.7

Special Fdns. 1.7 2.6 0.3 - 4.6 6 0.8

Horizcntal Struct.
Element 11.5 21.6 13.9 13.7 17.5 16.3 94.5 6 15.8 15.2

Slabs on grade 0.7 1.3 1.6 0.9 0.6 1.3 6.4 6 1.1

Floor u roof 9.6 17.5 10.9 10.8 15.7 13.1 77.6 6 12.9
Constr.

Roof finish 1.2 2.8 1.4 2.0 1.2 1.9 10.5 6 1.8

Exterior Cladding 17.8 12.0 9.4 10.8 12.8 13.3 76.1 6 12.7 12.3

Walls below gd. 1.3 0.8 2.1 /.9 0.8 0.5 7.4 6 1.3

Walls above gd. 12.1 5.3 5.1 4.4 9,.1 8.6 44.6 6 7.4

Windows 4.0 5.2 1.4 3.6 1.7 3.5 19.4 6 3.2

Ext. doors 0.3 0.3 0.5 0.2 0.3 0.1 1.7 6 0.3

Projns. bales. 0.1 0.4 0.3 0.7 0.9 0.4 2.8 6 0.5

Interior Vert. Elmts 6.8 7.0 4.3 7.9 8.6 7.1 41.7 6 7.0 5.5

Partitions 4.7 4.8 3.1 6.2 6.2 5.6 30.6 6 5.1

Folding Ptns. 0.4 1.0 0.2 0.1 0.2 0.2 2.1 6 0.4

Doors 1.7 1.2 1.0 1.6 2.2 1.3 9.0 6 1.5

Multi-Storey Elmts. 4.2 2.9 1.6 2.3 3.1 1.6 15.7 6 2.6 4.6

Stairs 2.3 1.8 0.3 0.6 1.2 0.6 6.8 6 1.1

Catwalks - - 0.1 0.1 0.1 0.2 0.5 6 0.1

Elevator Hoists 1.9 1.1 1.2 1.6 1.8 0.8 8.4 6 1.4

Escalators - - - - - - - - -



Element/Sub Element C.S.C. Law
Bldg.

Guelph York Wat
MO
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Univ.
Ave.

Non
Univ
Ave.

Interior rinishos 9.3 9.8 4.9 4.2 7.3 5.3 40.8 6 6.8 8.9

Floor finishes 3.6 3.7 1.6 1.2 2.8 2.3 15.2 6 2.5

Ceiling finishes 3.6 3.4 1.9 1.7 2.5 2.2 15.3 6 2.5

Wall finishes 2.1 2.7. 1.3 1.2 2.0 0.8 10.1 6 1.7

Special finishes 0.1 0.1 0.2 6 0.1

111..z.ttiLiqxt.Fguip_. 3.0 2.8 7.8 12.3 3.2 8.2 37.3 6 6.2 3.8

Non-Instruction 2.6 1.3 0.3 1.7 2.0 2.4 10.3 6 1.7

Instructional 0.4 1.5 7.5 10.6 1.2 5.8 27.0 6 4.5

Cash Allowances 2.6 1.6 0.9 1.8 2.5 1.8 11.2 6 1.9 0.9

Hardware 2.0 1.3 0.8 1.6 2.3 1.5 9.5 6 1.6

Testing &
Inspection 0.6 0.3 0.1 0.2 0.2 0.3 1.7 6 0.3

Plumbing & Drains 5.7 2.6 6.2 6.1 3.8 5.0 29.4 6 4.9 6.0

Roughing-In 2.7 2.0 1.5 1.4 2.3 1.5 11.4 6 1.9

Roughing 1.1 - 0.9 1.2 - 0.5 3.7 6 0.6

Plumbing Fixt. 1.0 0.5 0.3 0.2 0.8 0.3 3.1 6 0.5

Plumbing Fixt. 0.4 - 0.1 0.1 - 0.1 0.7 6 0.1

Fire Protection 0.5 0.1 0.4 0.7 0.7 0.4 2.8 6 0.5

Special Serv. - - 3.0 2.5 2.1 7.6 6 1.3

Heating, Vent.
Air Cond. 14.6 16.2 23.2 18.2 15.8 16.7 104.7 6 17.3 20.1

H.V.A.C. 14.6 16.2 14.5 13.8 14.0 14.5 87.6 6 14.5

Special Systems 8.7 4.4 1.8 2.2 17.1 6 2.8

Electrical 12.5 10.1 15.8 13.2 13.0 13.2 77.8 6 13.0 13.9

Transformer &
Wiring 1.6 2.8 6.2 1.7 2.9 1.1 16.3 6 2.7

Lighting &
Wiring 4.8 4.8 5.7 5.7 6.3 5.0 32.3 6 5.4

Underfloor Duct
System 0.5 0.6 1.6 0.6 3.3 6 0.6

Special Systems 6.1 2.5 3.4 5.2 2.2 6.5 25.9 6 4.3
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The Proposed Approach

The data base for this approach will be the Building Blocks Volume Four,

Refer to Table Ono

This table is an analysis of the elemental percentages for the six
university buildings. The analysis deals only with construction
cost and is not a breakdown of the total project cost.

For our purposes the important column is the one headed - University
Average. These are the figures which have been used for further
analysis. The column headed - Non-University Average, has been
shown for comparision purposes only. Eventually the available
information on the non-university buildings may be added to the
data base and incorporated in the analysis.

Refer to Table Two

As explained under the heading of "The Ideal Approach", the final
and most crucial step is the assessment of the economic life and the
replacement cost of each component of the building. Studying a
building to this level of detail would be a lengthy process.

Our proposed approach is much simpler and gives results based on
reliable data. Rather than examine the buildings at the component
level, we shall only examine at the sub-element level.

For each sub-element one must judge:

a) The total percentage of the sub-element which will be
replaced during the economic life of the building and

b) At what time and in what proportions during the life
of the building that percentage will be replaced.

In this particular paper, these two critical judgements have been based
on a limited experience of building material and building element life
expectancies. However, in the case of certain elements such as the
H.V.A.C. and the electrical other member of the construction department
at Carleton were consulted.

One way of improving the input It this stage of the methodology would
be to ask each University to complete table two ignoring the actual
assessment shown and substituting their own evaluation of the economic
life and replacement costs of the sub-elements.

It should be noted that percentages for 1) indirect and general expenses
2) professional fees and 3) contingencies have been added at the end of
table two. Please note also that the cost of furniture and equipment
has not been included in the analysis.
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From Table Two one could draw several conclusions

a) During the sixty year life of the building approximately 90% of
the construction cost will be spent on major renovation projects.

b) For the periods shown below the expenditure will be as follows:

0 - 10 years 7.267% of construction cost
10 - 20 " 19.8887, " it II

20 - 30 " 23.956% "
II it

30 - 40 ti 32.82272 "
tt it

40 - 50 " 6.219% "
it it

50 - 60 " 0% " II II

c) Of the total to be spent on major renovations;

19.8% will be spent on the Interior Finishes

23.5% " " " " "

17.5% " " " " " Electrical

This would suggest that in any future study of building life costs
one should concentrate on the three elements above.

Hrw can the results from Table Two be applied to any University to
obtain a yearly amount for the Major Renovation Component of Cyclical
Renewal.

The total percentages shown at the end of Table Two can be represente,'
graphically.

35

30

25
Nrcentngc of
(construction
cant plus 20
prof, f(2e$

plus contingency)
15

10

32.822%

23.956%

19.888%

7.267%
6.219%

10 20 30 40 50 60

Economic Building Life in Years
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For our purposes, the economic life of a building has been divided
into six equal ton year spans, i.e., 0 - 10, 10 - 20, etc. Prom
the graph we predict that 7.267% of the total cst will be needed
for major renovations during the first ten years. Similarly 19.888%
will be needed during the period ten to twenty years.

As an average, during the first ten years of life, 7.267 4- 10 0 0.727%
will be needed annually. A more accurate assessment of the yearly
amounts required.could be obtained by reducing the range from ten to
five or even one year This, however, would necessitate a more refined
assessment at the cost analysis level.

Presently the cyclical renewal amount is expressed as a percentage of
the allocation inventory plus a percentage of the cumulative cash flow.
This equates to 55i per N.A.S.F. It would be useful if our methodology
could present its results in the same terms.

Refer to the following Table

Yearly Range % of Total
Cost Replaced

Average Yearly
Percentage

Times
$50

Divided

by 55

0 - 10 7.267 0.727 36 /NASF 0.65%

10 - 20 19.888 1.989 99'i/NASF 1.80%

20 - 30 23.956 2.396 120 /NASF 2.18%

30 - 40 32.822 3.282 1644/NASF 2.98%

40 - 50 6.219 0.622 36NASF 0.56%

The dollar figure used, i.e. $50. takes account of the fact that furniture
and equipment have not been included under the assessment for the
component 1 of cyclical renewal.

The column entitled "divided by 55" gives percentages which are directly
comparable with the present 1% being used in the entitlement calculations.

flowever, remember that only the future costs of major renovations have
this far been assessed and there are still five other components of
cyclical renewal to be examined.

Unfortunately, the results of our analysis give varying percentages
depending on the age of the building. However, using the variable
percentage does give a more realistic assessment of the funds required
at a particular time during the life of a building. It is possible to
obtain a fixed percentage by dividing the total percentage by the 60
year life.

i.e. 90.16 4. 60 = 1.50%

referring to the last table, this percentage would be under the heading
of the "average yearly percentage".
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Given any University, how would the funds for major renovations be
calculated using either a) &variable percentage or b) a fixed

araatma.

The current method of calculation used by the Province takes no
account of the age of buildings.

a) a variable percentage

Building Age N.A.S.F.
Variable Major
Renovation Times Funds for
Percentage $55 Major Renovs.

A 18 20,000 x 1.80 X 55 = 19,800

B 33 60,000 X 2.98 X 55 = 98,340

C 5 15,000 X 0.65 X 55 = 5,363

D 40 70,000 x 0.56 X 55 = 21,560

165,000 145,063

The percentages used under "variable major renovation percentage" were
taken from the previous table and are the ones comparable with the 1%
presently being used by the Ministry.

b) a fixed percentage

average yearly fixed = 90.16 = 1.50%
percentage 60

Times dollar allowance x 50
per N.A.S.F., i.e. $50.
Allowance per N.A.S.F. for
major renovations.
Divided by 55 to obtain + 55
a.percentage directly
comparable with the 1% 1.36%
being used by the Ministry.

Building Age N.A.S.F. All. Inv. Fxd. Major Times Funds for
Renov. % $55 Major Renovs.

A 18 20,000 ]
B 33 60,000
C 5 15,000 )

D 40 70,000 I

165,000 x 1.36 x 55 a 123,420

If the second phase of the C.O.U. cost study is continued, its findings
would no doubt provide invaluable information on both the economic life
and the replacement costs of building components.
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Methodology for Component 2

This methodology provides a means of assessing the funds required
annually or alterations or remodelling mane necessary Sy cfianges in
occupancy, use, methodology or tecSnolom

A realistic study is difficult especially in the time available.
However, a crude assessment can be made based on the available
historical data.

Our data base will be the information in our capital project files.
The historical base could be extended to include the major alterations
in other Ontario Universities.

Refer to Table Three

This table lists the alteration projects which form our data base.
The right hand column shows the yearly amounts spent since 1965
on alteration project... These amounts could be related to the net
assignable area of the University.

Refer to Table Four

The table shows how the University has increased in size since 1959.

Refer to Table Five

This table utilizes the information in the right hand columns of
tables three and four. The cost of alterations in 1966 has been
related to the size of the University in 1965, etc. After division
the figures in column three of table five indicate the yearly cost
per net assignable square foot.

It would appear from the table that 1966, 1967, 1968, 1970 and 1971
are typical years. The reasons for the unusual amounts in 1964,
1969 and 1972 should be studied in more depth. For our purposes
only the "typical" years will be used for further analysis.

Table Five

Alloc. Inventory
in Year (x-1)

Yearly Cost
/ N.A.S.F.

)-- --,-..

% of Alloc.
Invent. Y, $55.

(JD

Yearly Cost of
Altns in Year (x)

1965 1,088,933 325,917 3.26 Unusual
1966 509,751 394,401 = 1.29 2.34
19 67 486,254 500,775 0.97 1.76
1968 521,165 621,589 0.84 1.53
1969 Nil Unusual
1970 453,472 793,483 0.57 1.04
1971 491,350 848,391 0.57 1.04
1972 114,616 931,784 0.12 Unusual

The results from this table can be represented graphically.
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To read the graph, line 'a' should be read with the vertical axis I Ia ,

line 'b' with the vertical axis lb', etc.

Conclusions from the Graph

1) The amount spent per net assignable square foot will obviously
decrease as the universities size increases, providing the total
amount spent each year remains constant.

2) The right hand column of Table Five attempts to relate the cost of
alterations to a percentage of the allocation inventory times $55.
The percentage varies suggesting that the cost of alterations
should not be related to the allocation inventory.

3) During the "typical years" the total amount spent on alterations
is constantly around the $500,000. figure. During the period 1965
to 1971 the size of the university almost trebled. This would also
suggest that the yearly amounts spent on major alteration projects
is not related to the size of the University.
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TABLE THREE

CARLETON UNIVERSITY

Project Number

MAJOR ALTERATION AND RENOVATION PROJECTS

Year of
Alteration

The projects listed below are in chronological order.

Name of Project Total Project
Cost

CA 6 Tory Bldg. Altns. 568,925 1965 1

CA 14 Tory Bldg. Altns. 465,021 1965 1

1

CA 21 Bldg. Altns. 1965 54,987 1965 1

CA 24 Library Altns. 220,247 1966 1

CA 37 Bldg. Altns. 1966 289,504 1966 1

1

CA 33 Library Altns. 101,567 1967 ]

CA 36 Tory Bldg. Altns. 150,106 1:967
1

1

CA 27 Tory Bldg. Altns. 51,660 1967 ]

CA 44 Bldg. Altns. 1967 182,921 1967 1

)

CA 42 Tory Bldg. Altns. 177,332 1968 ]

CA 46 Steacie Altns. 66,019 1968 )

1

CA 50 Paterson Hall Altns. 155,597 1968 3

CA 54 C.J. Mackenzie Altns. 122,217 1968 )

1

CA 60 Library Altns. 280,390 1970 3

CA 65 Admin. Bldg. Altns. 173,082 1970 1

1

CA 66 Steacic Altns. 70,601 1971 1

CA 67 C.E. Facility Altus. 73,615 1971
1

1

CA 68 Loeb Bldg. Altns. 84,256 1971 ]

CA 72 Paterson Hall Altns. 126,913 1971 1

CA 76 Tory Bldg. Altns. 135,965 1971 ]

CA 82 C.J. Mackenzie Altns. 114,616 1972 J

Total 3,665,541

Yearly
Cost

1,088,933 11

509,75111

486,254 II

521,165

453,47211

II

491,3501

114,616

3,665,541
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TABLE FOUR

CARLETON,UNIVERSITY

NET ASSIGNABLE SQUARE FEET CONSTRUCTED SINCE 1959

Part Constructed N.A.S.F. Read Oct.' Yearl Total Cum. Total

All but 1ev. 6 extn. 65,228 1959 I

All 4,989 1959 )

1 129,148 129,148
Levels 1 and 233a,722 1959 1

All but extn. 25,209 1959 )

Level 6 extn. 5,280 1962 )

Extension 17,151 1962 1

)

Theatre + 1ev. 1
to 4

26o,624 1962 1

)

61,537 210,685

All 16,305 1962 1

)

Phase One 16,177 1962 1

Levels 3,4 & 5 52,718 1963 52,718 263,403

Block A 26,432 1964 )

Block B 26,643 1964
)

) 62,514 325,917

Phase One 9,439 1964
!.

All 15,398 1965 1 68,484 394,401

All 53,086 1965

Levels 5 & 6 14,115 1966 1

Block C 34,505 1966 1
i

106,374 500,775

All 57,754 1966 1

All 120,814 1967 120,814 621,589

Block D 27,038 1968 )

Phase Two 5,050 1968' 1 49,467 671,056
1

All 17,379 1968 ]

Phase Two 10,338 1969 1

All 56,372 1969 1

1

122,427 793,483

All 55,717 1969 1

All 54,908 1970 54,908 848,391

All 83,393 1971 83,393 931,7S4

931,784 931,784 931,784
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It should 1-:4 pointed out that the Carleton data used in tables three,
four and five are "unclean" in that they include costs associated with
other components of cyclical renewal in addition to those for component
number two, hence the figures would tend to be somewhat higher than if
they were costs associated only with component number two.

No attempt has been made so far to apply a construction cost index to
the data.

There are no obvious trends indicated in either table three, four or five.

As university enrolments level off and new construction ceases, one would
expect the amount of alteration work to increase. The historical data as
used in this exercise may give a misleading picture of the quantity of
future alterations.

Carleton is a relatively young University and its historical data
available on major alterations may be limited compared with other older
Universities. In fact, Carleton's data may suggest conclusions that
provincially may prove invalid.

However, each University could:

a) Carry out similar analysis to those shown and

b) Provide the necessary data to a central point for an overall
examination of the total available data. This would provide
a more meaningful data base and hopefully more realistic
results.

Our examination of the historical data has been on a general level
only, one could assess particular buildings and even particular
alterations in further depth.

The form entitled "Outline Description of the Scope and the Cost of
Major Alteration Projects" is an attempt to collect detailed information
in a standard format, which could provide a much wider base for further
analysis. The form is basically straightforward. One section may need
further explanation. Alteration/Renovation Breakdown.

Each of the projects listed on table three contain sections of renovation
work. To increase the validity of any study on the cost of alterations
an estimate must be made of the percentage of renovation work within
each major alteration project.

Attached to this paper is a completed example of the major alteration
information form.
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[------
Carleton University

OUTLINE DESCRIPTION OF THE SCOPE AND

THE COST OF MAJOR ALTERATION PROJECTS

PROJECT NUMBER PROJECT NAM' YEAR OF ALTERATION TOTAL PROJECT COST

CA 14 TORY BLDG. ALTERATION 1965 465,021

SCOPE OF THE PROJECT

The Chemistry Department moved to its new building. The vacated space must be altered to
meet the requirements of the Geology and Biology Departments. Work includes moving partitions
Ireplacement of deteriorated ceilings, the changing of the mechanical system to provide
special temperature and humidity control, the provision of chilled water fan coil units,
changes to the plumbing and the installation of the necessary furniture.

COST Prr..'1,-1)o!.!N

$ 0) % $/NASF %
ALTN/RENOV.

krrhit.,:cLural 106,486 22.89 25.91 6.47

Built-in Furniture 83.353

26,708

17.92

5.74

20.98

6.50

5.07

1.62Built-in Equipment

Alloances 7,005 1.51 1.71 0.43

Mechanical 136 394 29.33 ;

Electrical 50,998 10.96 12.41 3.10

Other - - - -

- Net Minding Cost 410,944 88.37 100.00 24.98

Professional Fees 26,924 5.79 1.64

Contingency 3,832 0.82 0.23

Ful-nit*Y% 11,334 2.44 0.69

Eeuirmnt 11,987 2.58 0.73

!I-
- Total Project Cost 465,021 100.00 28.27

N.A.S.F. Area Altered or Renovated = 16,452
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litsuestforIrlfInformationion

Rather than attach a lengthy questionnaire, each University is requested
to complete the following tables and carry out the following exercises.

a) Table Two

A "blank" copy of Table Two is attached. The critical input
for the methodology for CoMponent One of cyclical renewal is
the assessment of 'the economic life and replacement cost of
the building sub-elements. Please complete Table Two with
your own evaluation of these factors. Using the results of
your own evaluation carry out the exercises as shown within
this paper.

b) Complete a Table Three.

c) Complete a Table Four.

d) Using the information from the completed tables three and
four, complete a table five and associated graph.

e) For each of the projects listed under table three complete an
individual project report on the standard format enclosed. It

is most important that when completing this form, only meaning-
full information is provided. Do not complete each part of the
form for the sake of completing the form. Incompleted forms
with meaningful information will still be most useful.

f) The methods of analysis used in this paper are obviously not
the only means of examining the available information on
alteration and renovation projects. They are merely a suggested
method of procedure. Each University may well hive carried out
their own individual analysis. If so, firstly the results and
secondly the methodology used should be communicated along with
the other information requested.

g) Naturally any comments, questions and criticism on the subject
of cyclical renewal and this paper would be welcomed

As you are well aware, both the availability of and the percentage being
used to generate cyclical renewal funds are crucial questions currently
facing most of the Ontario Universities. Consequently, we would appreciate
your early attention to this request for information,
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COST OF MICR ALTJRATION PROJECTS

10.---------

PROJECT NUMBER PROJECT NAME YEAR OF ALTERATION TOTAL PROJECT COST

11_,IMELIE THE PROJECT

COST BREAKDOWN

% % $ /NASF
ALTN/RENOV

Architectural

I
Built-in Furniture

Built-in Equipment

Allowances

Mechanical

Electrical

"Other

Net Buildin Cost

_- Professional Fees

Ilcontingency

"Furniture

EqUipment

:,- Total Project Cost

N.A.S.F. Area Altered or Renovated =



APPENDIX 4

LAW BUILDING DATA

Page

Capital cost analysis 1-3

Operating and maintenance costs:

- Building Maintenance 4

- Custodial Services 5

- Utilities 6

Cyclical renewal:

- Renovations (structure and totals) 7

- Renovations (mechanical only) 8

- Renovations (electrical only) 9

- Equipment replacement 10

- Furniture replecement 11
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SURVEY OF DATA AVAILABILITY

The Task Force made a survey of the 14 Ontario universities in order to
establish the availability of building operating and maintenance costs for
individual buildings. This information was required in order to establish the
data base that might be available, or the work involved to extract the data
from physical plant records, should a major study of life costs be undertaken
upon the completion of this pilot study. Replies were received from 11 of the
14 universities.

The most important question, question No. 1, established that only 5 universities
were currently maintaining records for individual building operating and
maintenance costs in line with the form of analysis recommended by the
Ontario Association of Physical Plant and Planning Administrators and the
Commitee of Finance Officers of the Universities of Ontario. It should be
noted that this form of analysis was available for total operating and
maintenance costs in all of the universities. However, three more universities
were presently studying or intending to use the format in the near future for
individual buildings.

For maintenance costs alone, 7 universities maintained records by building,
with the majority of these being available for 100% of the campus space. The
number of past years for which this information was available' varied from one
to ten years. Most of the other universities indicated that it would be very
difficult, time consuming, or impossible to obtain this information from current
records on an individual building basis, for the last few years.

Seven universities maintain housekeeping costs by building, for periods up to
the past ten years. For housekeeping, the remaining universities were more
optimistic about their ability to provide this information by analysis of
past records.

On the subject of utilities, the same 7 universities were in a position to
supply the costs of some or all of the individual utilities to some or all
of their buildings. The remaining universities noted that there were considerable
costs involved in metering all utilities to all buildings where this was not
already being carried out. However, the main report of the Task Force contains
some comments on how this problem might be overcome in the future.

Only 4 universities replied that their records were able to identify renovations
and major repair costs for individual buildings, without further analysis.
Here again, the remaining universities were pessimistic about their ability
to obtain this information by an analysis of past records.

The tabulation on the following page is a summary of the responses and must
be read in conjunction with the survey questionnaire which follows the
tabulation.



z -c ccti.-1 
O or, mono g g o 0 0 0. rl 

PI 

m K0005 11 M 0 0 151 g 0 0 0 a X' M. st It 0 0 r 1-, n 1 
o 0 onno o .... 

3 2 ro ix 0 
O K 

n M . 

g 
0 n o tii° 4 n 

. . . . P 4 
. 

4.0 IV I-. et ° 
K 

M F 
00 

... 

M 

I 

il M PI H. 0 i I 
I 

0 

4 4 Z 4 t< 
2 : o` 2 

..., 1 

tn 0% w t..) 

0 0 4 0 
4 O. I 6 

r o 

? 0 
r i. ° 

Z Z 0 0 0 . 
P 

ree z 

0 0 0 0 
6 6 6 6 

0 II 0 

'it; CA g e 
0 %. 

) Maintain OAFPPA/COFOU0 records , 
s for individual buildings? e 

t 

I 

'°< 

How many past years? 

If NO, intend-to start? 

.1-+ I". 
8 8 

! 

kA L.. 

o o 
i° i'l 

.**.g § 

0 P4 

p 
I 

!° 

r 0 16g. 

)-.. b.... 8 

0 o 
i il E; 

0 
o + . 

? 

p - . p L., 
p 8 r.. 0 

o o 
. .... 

!" 
. 

P 

1 1 1 1 
i,..i 

s.. 

X Campus GSF for buildings with 
individual maintenance costs 1 

i 

: 

1 

How many past Years? 
i 

R 
Attitude to analyzing past 
records to obtain indiv. bldg. 

mtce. coats 

8" lisi 

IA S.. 

;:s 0 

I!' 
i° 

Zil 
8" 

0% t.4 

o 
i° 

ti 0 I-, 
0 rt 8 

0 0 
0.. 1.- 
V V ° 

0 
i -I- . r 

N t3 0 0 )4. *... 0 ).4 0. 

f' 11 If 
V V ' 

i 4. 
117 

s., 

X Campus GSF for bldgs with 
individual custodial costs 

How many past years? 

Attitude to analyzing past 
records 

' 

b-. 1- 
8 8 

4./1 4.4 

o a 
6 4 

0 
'4 

vt 

? ? 
!* ' 

' ' 

' 

- 0 104 

8 0 8 

1....,... 
o !, o 

CI 0 
ii. 4. '''" 

4 
8 
0 . II i 
R 

0 o 
0. 0. IV 
F-' F. o 

? ° f t.., 
1.' 

i° 
" 

d ..-. . 1 
'w '',' 

g 
2 

0 
(i'l 

g 1 
P. 4 

; S' F) 
0, 

2 8 4 
no 

%.4 i i 

I 
" 

X Campus GSF for bldgs with 
individual utilities costs 

HOw 
many past years? 

Attitude to analyzing past 
records 

Comments 

1Y6raFrdiiTeTitrfjtflhrvitlotii" 
and major repair costs for 

individual bldg.? 

How many years? 

Attitude to analysing past 
records 

1 1 

vi tsk 

0 0 
a a 
P P 

S g 

0 0 
s . P P 

I 1 

g S g 

? 0 P 
P 

11 
r 

I I + 

.2 

1 5 
o 

o ra 

. a V I 
r w 

es 1 

P 
I it, a - 

Z avid mueddy 

a 

rt 0 

rt 

5 

0 

8 

oe 



UNIVERSITY OF GUELPH GUI .:1414-1 ONTARIO CANADA
NIG 2tIl

June 14, 1973

Appendix 5, Page 3

Re: C.O.U./OAPPPA Task Force on Building Life Costs

Dear

ARIA CON SO 112411i0

During the recent OAPPPA Meeting at Brock University, there
was discussion on the subject of availability of building operating
and maintenance costs. Attached to this letter, is a questionnaire
which is designed to provide information on the availability of such
data for individual buildings on your campus. The Task Force does
not want to know what these costs are, at this time, but wishes to
establish the data base that might be available, or the work involved
to extract the data from physical plant records, should C.O.U. decide
to undertake a major study of life costs in the future.

It would be appreciated, if you could complete and return
the questionnaire to me, by June 27, 1973. If there are any queries,
please contact me.

HG:mw

Att'd

Your co-operation is appreciated.

Yours very truly,

H. Graupner
Chairman
C.O.U./0.A.P.P.P.A. Task Force OA

Life Cost3
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C.O.U./0.A.P.P.P.A. Task Force on Life Costs

questionnaire on Data Availability re Operating and Maintenance Costs for
Individual Buildings

PLEASE ANSWER THE FOLLOWING QUESTIONS

1. (a) Do you now maintain a separate record of physical plant costs for

each individual building in line with the O.A.P.P.P.A. /C.O.F.O. -U.O.

classification system*?

(b) If the answer to 1 (a) is YES but only for some buildings, please

state why you are keeping separate records for these buildings:

(c) If the answer to 1 (a) is YES, for how many completed years, is

the data available for individual buildings in the O.A.P.P.P.A./

C.O.F.O. -U.O. format? years

(d) If the answer to 1 (a) is NO for any or all buildings, do you plan

to start maintaining them in this format in the future?

when?

2. Do you have a list showing, for each of your buildings, which services,

utilities, are individually metered?

If YES, please attach a copy, so that the Task Force can prepare a

composite statement on the amount of individual metering presently

being carried out. (Published results will not identify any specific

University).

If your answer to 1 (a) was an unqualified YES) ignore the remaining questions.

3. (a) For how many of your buildings, do your current records readily

identify (i.e without further analysis or estimating) the total

annual building maintenance cost on an individual building basis?

buildings

(b) This number of buildings Is about 7 of the total number of

buildings/total gross square footage (delete one)

(c) For how many past years, is this data readily available? years.

* A summary of this classification system, follows the questions.
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3. (d) If building maintenance costs are available only on an aggregated

basis for groups of buildings, or for the entire campus, please

comment on the possibility of analyzing your records with the

object of assessing individual coats for a number of the more

significant buildings on your campus, for a number of years (say

3 or 5):

4. For custodial services, answer similar questions to those in 3 (a) -

(d) above.

(a)

(b) % of.buildings on campus/total gross square footage (delete one)

(c)

(d)

5. For utilities, answer similar questions to those in 3 (a) - (d) above.

Electric City Chilled Compressed Fuel

Power Gas Water Steam Sewage Water Air Oil

(a)

(b)

(c)

(d)

6. (a) For renovations, alterations and major repairs, carried out from

opesatLrqLbulgen, do your records readily identify the costs for

individual buildings on an annual or project basis?

(b) If the answer to 6 (a) is YES, for how many past years, would the

information be readily accessible? years

(c) If the answer to 6 (a) is NO, please comment on the possibility of

analyzing your records with the object of assessing costs for

individual buildings, for the past 3 or 5 years:

7. Please note here, whether above answers include or exclude residences:
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Classification System for Operating and Maintenance Costa per 0.A,P.P.P.A./
C.0.F.0.-U.O.

Operating and maintenance costs for an individual building are made up of
the following costs, as defined by the Committee of Finance Officers -
Universities of Ontario and by the Ontario Association of Physical Plant
Administrators:-

1. Physical Plant Administration

The task force does not consider this item to be a direct part of the
life cost of a building, and this questionnaire does not cover this
function.

2. Building Maintenance

Building maintenance includes all items related to routine repair of
buildings and structures, including normal recurring repairs and
preventive maintenance. Does not include cost of service for which
reimbursement is received from other sources such as ancillary enter-
prises, new construction, alterations, etc. In addition to. the main-
tenance of the fabric and structure of the building include the following:

2.1 Salaries, wages and employee benefits of all hourly-rated personnel
and first-line salaried personnel.

2.2 Interior and exteriur of buildings

2.2.1 Plumbing, heating, air conditioning, and ventilation

2.2.2 Electrical repairs of all types excluding primary systems
and primary building sub-stations but including secondary
systems, lamp replacements and maintenance of outdoor
building lighting fixtures.

2.2.3 Carpentry and cabinet making

2.2.4 Painting and glazing

2.2.5 Hardware, locks, keys, closers and records

2.2.6 Roofing and sheet metal work, including downspouts and
gutters

2.2.7 Welding and necessary machine work

2.2.8 Elevators and other building machinery

2.2.9 Miscellaneous building repairs such as tuckpointing, blinds,
etc.

2.3 Maintenance of all furniture, furnishings and equipment within
the building (exclude maintenance covered by user).
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2.4 Maintenance of utility distribution systems inside the building.
Electrical, heating, cooling, process steam, water lines, gas
lines and sewer lines (both storm and sanitary), etc.

2.5 Operating and replacement costs of all equipment and material and
tools used in connection with building maintenance excluding
hand tools furnished by the employees.

3. Custodial Services

Includes all costs related to janitorial and custodial services to
buildings and structures including care and waxing of floors, washing
of windows and costs of all cleaning contrActs let to outside cleaning
contractors (including window-washing).

3.1 Salaries, wages and employee benefits of all hourly-rated personnel
and first-line salaried personnel

3.2 Small set ups only where materials for the special set ups are
stored or kept within the same building

3.3 Snow removal immediately adjacent to building

3.4 Other operating costs such as paper, paper towels and tissue,
wax, erasers, chalk, cleaners, and other materials and supplies

3.5 Operating and replacement costs of all equipment used in connection
with custodial services and certain lamp replacement

4. Utilities

Utility services include all costs for energy for heating, cooling,
light and power, gas, water, telephone equipment and rental costs and
any other utilities necessary for the operation'of the physical plant
and normally includes:

4.1 Salaries, wages and employee benefits of all hourly-rated personnel
and first-line salaried personnel

4.2 Operation and maintenance of heating and power plant equipment
including water plant and sewage disposal plants

4.3 Operation and maintenance of equipment in central air-conditioning
plant

!,.4 Contractual costs for purchase of electricity, gas, water, telephone
equipment and rentals and sewage treatment

4.5 Operation and replacement costs of all equipment used in connection
with production of utilities

4.6 Maintenance of utility tunnels, distribution systems external to
buildings for electricity, gas, steam, compressed air, chilled
water, and high temperature water, domestic water, sanitary and
storm drains. The expense does not include open ditch drainage
and street, walks and grounds lighting maintenance.
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5. Landscape and Grounds Maintenance)

6. Safety) Security and Traffic ) Not covered by this survey

7. Other

8. Renovations, Alterations and Major Repairs

Major repairs of a non-recurring nature in excess of $10,000 and, all
renovations and alterations. Repairs and refurbishing under $10,000
are to be included by their object, e.g. costs of labour, material or
external contracted services, under the function of Building Maintenance.

8.1 Salaries, wages and employee benefits of all hourly-rated personnel
and first-line salaried personnel

8.2 Replacenent costs of all furniture, furnishings, equipment and
services required in connection with major repairs and renovations
and alterations.

Further clarification of this cost breakdown and of definitioaa, may be
obtained from the 0.A.P.P.P.A.-C.0.F.0.-U.O. Document "Reporting of the
Expenses by Major Function for the Operating Fund Function" "Physical Plant"
for the Universities of Ontario", dated May 24, 1973 and the July 1972
"Physical Plant Classification of Functions".
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COMPUTER PROGRAM FOR LIFE COST PROJECTIONS

Input required by the life cost computer program is illustrated by the
attached computer printout of the input for the first case analyzed for the
University of Windsor Law School Building (namely, no post-1973 cost inflation
apart from the effects of general price inflation). The vector of cash flows
(re-stated in 1973 dollars) calculated from this input is also attached.

Input items are keyed to items in the input printout.

1. Length of cash flows vector (number of years for which cost expenditures
are calculated).

2. Number of cost horizons for which total life costs are calculated.

3. Anticipated general price inflation rate per annum, in mills.

4. Fraction of replacement cycle costs spread over cycle rather than expended
at end of cycle (may be overridden for specific costs).

5. Year in terms of which all costs are to be re-stated.

6. Cost horlzons to be used in ttble.

7. Cost increase data for each category of operating costs (categories 2
to 4) and for construction and renovations (category "0"). Adjustment
values represent the percentage increase in prices between costs in each
year and costs in 1973. For operating costs, these are obtained from
the detailed cost index data presented in Appendix 8; for construction
costs, they are Southam construction cost indices for Ontario adjusted
by the ratio (18/31) of actual cost increases to:the change in the
Southam index obtained from a detailed analysis reported in Building
Blocks Volume 4.

8. Capital costs are read in separately for net cost and overhead components
of costs for each cost element.

9. Year in terms of which construction costs are defined.

10. Year in which construction started.

11. Year in which building occupied.

12. Operating costs are read in as the sum of historical costs for each
category over a number of years. Total shown is average total cost per

year. Operating costs are assumed to include all regular-cost items
incurred annually.

13. Mid-point of period (year in terms of which operating cost figures are

defined),

14. Number of years in period for which historical costa are read in.

15. 'End-of period.

'16. Replacement items indliide all cyclic renewal items as well as Periodic
renOvatiOns.
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17. Year in terms of which replacement costs are defined.

18. Total cost of renewal including removal of previous fixtures and capital
cost of item replaced.

19. Length of renewal cycle.

20. Fraction of total renewal cost spread evenly over all years in cycle;
remainder is assumed to be incurred at end of cycle.

21. Average annual operating and renewal costs, unadjusted for price changes
before 1973 or for subsequent inflation.

22. Vector of expenditures calculated for each year from input data, after
adjustment for price changes before 1973 and for changes in relative
prices and efficiency of use of labour and materials, but excluding
the effect of any post-1973 general price inflation.



Appendix 6, Page 3

INPUT FOR LIFE COST PROJECTION
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GLOSSARY OF TERMS

Note: All definitions to be read within the context of this report,

Capital Cost

Capital Formula

Costs-in-use

Custodial Services

Cyclical Renewal

Housekeeping

- Cost of construction, design and supervision, furniture
and equipment

- The formula used by the Ontario Ministry of Colleges
and Universities to evaluate a university's entitlement
for capital funds. It takes into consideration the
university's enrolment, space standards for various
categories of students and academic activities,
existing space inventory and total project costs per
unit of new space (presently $55 per NASF), together
with such other factors as building age and utilities
requirements. The main component of the formula
relates to enrolment. Other components are the age-
quality discount, which reduces the existing space
inventory for the purposes of the formula ("allocation
inventory") for old buildings; clical renewal (for
definition, see Glossary)

- U.K. equivalent of Life Costs

- All cleaning and janitorial services (see Appendix 5
for broader definition)

- Major repairs and replacement of building sub-systems,
components, furniture and equipment; alterations due
to changes in occupancy, use, methodology, technology
and code requirements

- Use "Custodial Services"

Janitorial Services -

Life Costs

Life Cycle Costs

Operating and
Maintenance Cost

Owning Costs

Repairs - major

Repairs - minor

ACRONYMS

Committee On Capital tinancifigAc4"COU)

COPOUO Comtittee of finance Officers of Universities in'Ontario

Use "Custodial Services"

- Total capital, operating and maintenance costs of a
building, building sub-system or component, over an
anticipated or selected life in years, expressed.in
preseet value dollars

- U.S. equivalent of Life Costs

- Cost of building maintenance, custodial services,
utilities, renovations, alterations and major repairs

- Life costs expressed in annual equivalent dollars

- Part of "Cyclical Renewal"

- Part of building maintenance
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COU - Council of Ontario Universities

CSP - Capital Support Project

GSF - Gross square feet

HVAC - Heating, ventilation and air conditioning

MCU - Ministry of Colleges and Universities (of Ontario)

NASF - Net assignable square feet

OAPPPA - Ontario Association of Physical Plant and Planning Administrators

0 & M - Operating and maintenance costs
Costs

a
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INDEX FOR MAINTENANCE AND OPERATING COSTS

In utilizing past actual costs for operating maintenance and utilities for
projecting future life costs, it is necessary to eliminate the effect of
increases in labour and material costs during the period covered by the
data, In other words, the Task Force had to devise an escalation index
for maintenance and operating costs. This was done by a method that
appears satisfactory, providing the necessary data are available. Further
refinement of such an index is recommended as part of the responsibilities
of a future Task Force investigating life costs.

1

At this time, only three components of operating and maintenance costa were
considered, namely building maintenance, custodial services and utilities.
The relative weights of these three components were established from the
1971/72 operating statements from ten universities, as supplied to the Task
Force by M.C.U.

Within each of these categories, further relative weights of labour and
material were established, based on actual experience at Windsor and
Carleton Universities. A labour cost index was then derived from the
hourly rates of pay included in union agreements for the appropriate
categories of labour. Material cost indices were derived from the
Southern Construction Index for Building Materials and from Statistics
Canada-Consumer Price Index for Custodial Services and Utilities.

The attempt proved that an index for this purpose could be developed quite
easily, but admittedly the methodology needs some further development and
possible refinement to accept more detailed breakdowns of data.

The data requir d and the analysis is shown in the following five tables,
which are self- planatory. The result of the analysis is shown in Table 1,
bottom line and'it can be peon that annual increases in the composite cost
of these elements of operating and maintenance costs increased by between
4.8 and 7.3% during the petiud studied.
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TABLE 1

COMPOSITE INDEX FOR MAINTENANCE AND OPERATING COSTS

Index we__ 1969 1219. 1211 1222 1212

Building Maintenance 25% 100.0 108.6 117.5 124.8 134.9

Custodial Services 33% 100.0 108.3 117.4 123.4 136.6

Utilities 42% 100.0 105.6 110.0 113.9 117.3

Weighted Composite
Index 100% 100.0 107.3 114.3 119.7 128.1

Increase over previous
year + 7.3% + 6.6% + 4.8% +6.9%

(a) Based on distribution of costs during 1971/72 at ten Ontario universities

BUILDING

TABLE 2

MAINTENANCE INDEX

i 1969 1970 1971 1972 1.973

Labour (a) 80% 100.0 109.2 118.8 125.5 132.8

Material (b) 20% 100.0 106.4 112.0 121.7 143.5

Weighted Index 100% 100.0 108.6 117.5 124.8 134.9

Increase over previous
year + 8.6% + 8.1% a 6.2% +8.1%

(a) Based on weighted average from Carleton University (see Table 5)

(b) Based on Southern Construction Index, Material - Ontario Series
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TABLE 3

CUSTODIAL SERVICES INDEX

Weight 1969 1970 1971 1972 1973 1974

Labour (a) 90% 100.0 109.0 119.1 125.4 139.9 151.5

Material (b) 10% 100.0 102.4 102.7 104.8 107.0(1)

Weighted Index 100% 100.0 108.3 117.4 123.4 136.6

Increase over previous
year + 8.3% + 8.4% + 5.1% + 10.7%

(a) Based on Carleton University (cleaners rate)

(b) Based on Statistics Canada Consumer Price Index - Housing Supplies Component

(1) February 1973

TABLE 4

UTILITIES INDEX

Weight 1969 1970 1971 1972 1973

Labour (a) 20% 100.0 118.8 128,3 134.7 137.4

Utility cost (b) 80% 100.0 102.3 105.4 108.7 112.3(1)

Weighted Index 100% 100.0 105.6 110.0 113.9 117.3

Increase over previous
year + 5,6% + 4.1% + 3.6% + 3.0%

(a) 2nd class operating engineer - Windsor

(b) Consumer Price Index - Household Operation CoMponent

(1) February 1973
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APPENDIX 9

RELATIONSHIP BETWEEN CAPITAL INVESTMENT AND

DISCOUNTED ANNUAL SAVINGS



Maximum additional ca ital investment that should be a
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ent now to save 1.00
per annum for various perio s at selecte. iscount rates

Discount
Rate

Period (years)
30 40 50 60 75 100

0% $ 30.0 40.0 50.0 60.0 75.0 100.0

5% 15 1.4 17.2 18.3 18.9 19.5 19.8

54% 14.5 16.0 16.9 17.4 17.9 18.1

6% 13.8 15.0 15.8 16.2 16.5 16.6

64% 13.1 14.1 14.7 15.0 15.2 15.4

7% 12.4 13.3 13.8 14.0 14.2 14.3

74% 11.8 12.6 13.0 13.2 13.3 13.3

8% 11.3 11.9 12.2 12.4 12.5 12.5

84% 10.7 11.3 11.6 11.7 11.7 11.8

9X 10.3 10.8 11.0 11.0 11.1 11.1,

94% 9.8 10.2 10.4 10.5 10.5 10.5

10% 9.4 9.8 9.9 10.0 10.0 10.0

Sources Interest and annuity tables, present value of $1 per annum at
compound interest


